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INTRODUCTION. 


It is my purpose in the following paper to present the results 
of an experimental study of the simple processes of addition, 
subtraction, multiplication and division. These processes have 
been studied as they take place in the minds of that large class 
of people whose dealings with numbers in the ordinary affairs 
of life do not involve a high degree of practice. The study is 
therefore an inquiry into the psychology of the processes of 
adding, subtracting, multiplying and dividing as practically 
unchanged products of primary education. 

In the experiments that follow eight fellow students in the 
Department of Psychology at Clark University (Drs. Fred 
Kuhlmann and Edmund B. Huey; Messrs. F. A. Lombard, L. 
M. Terman, J. R. Jewell, A. A. Cleveland, W. F. Book, T. 
Kuma) together with the writer, have served as subjects.’ 
All are college graduates, but without special mathematical 
training. Kn. is strongly visual and auditory in mental type, 
H. is strongly motor but visualizes fairly, L. is slightly more 
auditory than visual but also has relatively strong visual and 
motor imagery; he is strongly impressed with the exactness 
of the numerical processes. T. and B. are predominantly motor 
with auditory imagery prominent, visual lessso. J. is strongly 
motor; auditory imagery very prominent, visual exceedingly 
weak; has had experience in book-keeping. C. is predomi- 
nantly visual; motor and auditory imagery also prominent; has 
had experience as a primary school teacher and some as a 
book-keeper. Bk. is strongly motor; auditory and visual im- 
agery less pronounced; recalls ‘‘looking up answers in the back 
of the book.’’ In later experience this lack of independence 
has developed the habit of proving results. K. is strongly 
motor and auditory, but visualizes fairly; earlier number 
training was received in the primary schools of Japan. 


1The writer wishes to express his obligation to these gentlemen, to 
the University and its Faculty in general, and to Professor E. C. San- 
ford in particular, under whose direct supervision the study was made. 
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Great care was taken to avoid both fatigue and effort, con- 
scious or unconscious, to increase the efficiency by the practice 
involved in the experiments. The time was always taken 
chronographically to o 1 sec., though only a subsidiary use of 
the results will be made in this paper. 


I. ADDITION. 


There were two series of experiments in adding: one in 
which the subjects proceeded by single digits; and the other 
in which combinations of digits were possible. 


SINGLE-Dicit ADDING. 


A pack of about twenty cards, a single digit written upon 
each, with a cover card, was held by the subject in his left 
hand. At a signal he removed the cover card with his right 
hand and saw the first figure, removed the card carrying 
that, saw the second figure, added it; and so on to the end 
of the series, handling the cards as a card player would do 
in running through the pack-to see that all were there.’ The 
removal of the cards was practically automatic from the first 
and much more rapid than the adding. The figure to be 
added always appeared with the readiness to add and without 
conscious effort on the part of the subject. 

The figures were added silently, the total sum being an- 
nounced by the subject as a signal that the series was com- 
pleted. The experimenter then recorded the introspections 
and time. The digits 1-9 inclusive, twenty of each, evenly dis- 
tributed in ten packs, differently arranged at each sitting, were 
added five times over in five different sittings by each subject. 
Kn., K., L., J., T., and B. served as subjects in this series. 

Adding digits in isolated pairs differs greatly from adding 
digits in series. The time in the latter case is by no means as 
even as Arnett’s results would seem to indicate.? A wide 
range of variation is usually present. The average times per 
digit added were as follows: Kn, 1.09 sec.; K, 1.67; L, 1.28; 
J, 1.00; T, 1.03; B, t.02. Average range of variation per 
digit added :* Kn, .37; K. .67; L, .36; J, .45; T, .59; B, .39. 

Imagery. The terms in which the adding was done were 
in all the subjects largely motor, or motor-auditory (linguistic). 
Visual imagery, though present, seemed less fundamental to the 


1 The cards were highly glazed playing cards, left blank upon the 
face, and proved extremely easy of manipulation. 

2 Arnett: Counting and Adding. Amer. Jour. Psy., XVI, 1905, 335. 

8 Rach of the ten packs was added through five times. The differ- 
ence between the longest and shortest time of adding through each 
pack was taken and the sum of these differences for the ten packs 
divided by 180 (number of digits). 
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process. Thus, Kn. whispers visibly, though not audibly, as a 
rule. K. has a strong movement of the lips accompanied by an 
almost constant strained undertone. The longer he is in reach- 
ing a result, the more intense this vocal accompaniment becomes. 
He constantly hears himself in his imagination pronouncing 
the sums. In J’s adding lip movement is slight. He is con- 
scious of holding his breath and of its expulsion at times as a 
prolonged ‘‘n-sound.’’ L’s adding is strongly motor accom- 
panied by auditory imagery. Sometimes he uses the full tab- 
ular form, as ‘‘8 and 6 are 14,’’ etc. Having to clear his 
throat, or cough slightly, arrests the adding. 

In all cases difficulty in adding greatly increased the tend- 
ency to motor expression, which sometimes became explosive. 
Two of the subjects, when the results did not speedily appear, 
found themselves repeating the verbal formula over and over, 
as ‘‘54 and g are,’’ until the result suddenly appeared. Any 
slowing of the process tends with four subjects to introduce 
the mental enunciation of the addition tables. In the other 
two, it causes a more strongly accented and more conscious 
saying of the results. 

The partial sums were always given motor expression by 
all the subjects, though it did not often amount to audible 
speech. This was by no means a matter of mere habit or 
accident, but a fixed and definite part of the process, serving 
the useful and necessary purpose of subconsciously objectifying 
and holding fast the sum attained while attention was given to 
the next digit to be added. In the partial sum thus incipiently 
pronounced, the stress was on the digit rather than the ten: 
(to indicate accent by heavy faced type) 46, 54, 63, etc. 

The Adding Consciousness. In order to understand better 
what follows, it may be well at this point to*forecast a general 
conclusion confirmed by the study as a whole. The adding 
process is initiated by the assumption of what may be termed 
an ‘‘addition set’’ or attitude of mind corresponding to the in- 
tention to add. The ‘‘addition set’’ is not, itself, in conscious- 
ness to any observable degree while the adding is in progress. 
Its office is to direct the association processes and hold them 
within the addition field. 

Simple addition may be considered as a process of four 
stages: (1) A distinct consciousness of a number to which 
another is to be added; (2) the recognition of this other num- 
ber; (3) the associative process leading to the sum of the 
two; (4) the distinct consciousness of that sum. In a con- 
tinuous series (4) is obviously the same as (1) in the next 
step. The recognition of the result, initiating the innervation 
for its motorization;’ and the recognition of the digit to be 


1 The writer uses this and other similar terms as abbreviations for 
‘‘more or less complete expression by incipient movements of speech.’? 
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added, as a rule not motorized, are the focal points of attention 
in the adding process. The associative stage is subconscious 
and seems to involve the following: (1) Motorization of the 
results (always present). In cases of difficulty or retardation 
of the process this motorization tends strongly to revert to the 
full verbal form of the addition tables. (2) Beside the motor 
accompaniment, and like it subconscious, is a continuous un- 
dertone of feeling upon which is based in large measure the 
adder’s conviction that his work is correct or incorrect. 

Except in temporary uncertainty, or distraction, the atten- 
tion is directed forward, the associative process being left 
more or less to itself. It is clear that any imperfection in either 
phase of the attention, or in the subconscious stage of associa- 
tion, may result in error. Of the three phases, the most vul- 
nerable is the stage of association. 

Special Tendencies to Error. The numbers themselves in 
their incidental relations to each other, order of sequence, etc., 
became a frequent source of errors. These occur (1) where the 
numbers themselves rise into clear consciousness; (2) wheve 
they are less or entirely unconscious but produce the same 
effects. The following cases from the protocol will illustrate 
the tendency in question: 63-+- 770; the thought that 7 
makes 70 was confusing. 26-+7; because 7 and 6 = 13, the 
thought of the 1 in 13 made the subject say 31. 47-+- 7: 4 got 
into subject’s mind and he wanted tosay 11. 16+-+6=>22+ 
4= 26: confused, because ‘‘it seemed as if there were too 
many 6’s.’”’ 79-+2=87: 5+5+4=149, etc. 

The following general conditions of false association appeared: 

1. Numbers and results so arranged as to suggest the mul- 
tiplication series (number repeated), particularly when the re- 
sults, for some time follow the multiple series, and then fall just 
over or under it. 

2. Numbers and results suggesting the counting series, as 1’s 
in succession; or, when the digit of the successive results and 
the digits to be added fall in the ascending order of the count, 
as 21-+ 2= 23-+ 4, etc. 

3. Dissimilarity in size between the digits added and the 
resulting digit, as 57-+4= 61. 

4. Similarity between the digit of the preceding result and 
the digit to be added, as 82+-2. 

5. Or, in general, when any preceding digit remains in or 
near the focus of consciousness (as often happens when there is 
uncertainty regarding the accuracy of a result, or, in case the 
attention has been called in a particular manner to a particular 
digit), such a digit is likely to displace or change the digit of 
the result which is, or should be, in the focus of consciousness 
at that instant. 
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6. A tendency in the adding process to run ahead of the 
motorization leads to a frequent form of error. The attention 
moves on to the digit to be added before the motorization of the 
previous sum has taken place, with the result that the per- 
ceived digit is substituted for the digit of the sum. 

General Tendencies to Error. Numerous cases of errors due to 
other causes than those just mentioned were in evidence. One 
subject is beset by the thought, for example, that he has made 
a mistake two or three figures back; or there may be a sort of 
running comment of questions as to the why of this or that, or 
of criticism or conjecture as to the sum total in the series be- 
ing added, etc.; or the side current of thought may have refer- 
ence to things entirely remote from the matter in hand. 

Aside from these cases of distraction there were also occa- 
sional instants when the mind seemed a blank. So far as the 
condition can be judged from introspections, the mind does not 
wander, but associations fail and there is complete oblivion of 
any sort of imagery. The phenomenon appears to be closely 
related, if not identical, with what Mosso terms ‘‘dispersed at- 
tention.’’? The adding simply stops and there is entire ina- 
bility to proceed. It is taken up again without apparent dif- 
ficulty in the same place, though the adding usually goes 
harder and more slowly after one of these breaks. Asa frequent 
secondary effect the subject feels that he has lost considerable 
time in the pause, and is likely to make an effort to increase 
his speed for the remaining part of the series, which in turn 
may result in distraction. 

The Sense of Accuracy. The ultimate criterion of accuracy 
appears to be affective recognition. It is distinctly a feeling 
and not mere intellectual assent, which may often be observed 
dissociated from the feeling of accuracy. In such a case it 
seems to the subject as if he knew the result to be right, but 
the feeling of accuracy, or assurance, is lacking. Throughout 
the adding of each series, the feeling tone of certainty, or 
much oftener of doubt, is a constant accompaniment. 

In a previous section we have distinguished, as a necessary 
focal point in the adding step, the recognition of the digit 
to be added, following the recognition and innervation of the 
previous sum and at the same instant that the subconscious 
motorization of the latter is taking place. It is in this sub- 
conscious motor process that the feeling of assurance is lodged. 
It is itself normally subconscious, but in case of saying a wrong 
result, the feeling of error often rises into the focus of atten- 


1Fatigue, p. 181. Dr. Kuhlmann and I myself noted the same phe- 
nomenon in a far more marked degree in adding figures continuously 
at maximum rate of speed in experimenting on practice and fatigue. 
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tion, displacing entirely the normal recognition of the digit to 
be added while the error is consciously corrected. It was 
the general experience of the subjects that any difficulty in 
the adding or, even an error corrected, is almost sure to 
give a tone of uncertainty to the remaining part of the series. 
The feeling of the possibility of error often causes conscious 
reinstatement of parts of the series to see if the right result 
has been said. 

General conditions augmenting the sense of accuracy are 
uniformity of time, or rhythm; smoothness in the series; and 
easy combinations. Aside from repetition of the process with 
stronger, or with completely audible, verbal expression, no 
standard of absolute certainty appeared. 

The Sense of Time. In so far as the sense of accuracy or 
assurance in adding depends on motorization, the element of 
time becomes an essential condition. In general, the subjects 
reported that, if the adding goes too fast or too slow, the sense 
of accuracy decreases. In the former case the motorization of 
results is slurred over; the time is not sufficient. In the lat- 
ter case, while there is ample time for motorization to affect 
consciousness giving rise to the feeling of assurance, it is 
counterbalanced by the fact that the attention has between its 
normal focal points more time to wander. Accidental arrange- 
ments of digits and results become more suggestive of false 
association. The mean seems most important for accuracy. 
Motorizing of results in exact rhythmic intervals, assisted by 
other motor accentuations falling at the same time, was found 
helpful. With all the subjects any considerable deviation in 
uniformity of time arising from difficult combinations was 
always disturbing. The subject usually feels as thongh he 
must ‘‘catch up with’’ or ‘‘make up’’ the lost time. In case 
of error he is often in the dilemma of feeling that he ough? 
not to go ahead, but that he must not stop. If he stops to 
correct his error he is distracted and harassed by a hyperzes- 
thesic sense of ‘‘losing time;’’ if he goes on he feels uncertain 
of his accuracy. 

Relative Ease and Difficulty of Combinations. It hardly need 
be said that any of the digits with 1 combines with the greatest 
ease. This is the simplest case of an easy combination. If 
many 1’s are scattered throughout a series, the series as a 
whole tends to become less conscious, and the other combina- 
tions easier to deal with. 

Even numbers appeared easier to combine than odd numbers, 
or than odd and even, for all the subjects. An intrinsic rea- 
son for this can be seen. All even-digit combinations and re- 
sults are closely interrelated by common factors (always by 2 
or a multiple of 2) and this common factor 2 also relates all 
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such combinations and results with the direct count by 2’s. In 
the odd-digit combinations this common factorial bond is not 
present. An exception is the doubling of odd digits, as 3+3, 
7-+7, etc. Here the process falls back upon the multiple 
series which psychologically is counting. The same may be 
said of 9-++ 3, in which the common factor 3 closely relates it 
to the 3-count. 

The simplest case of adding is the count by 1’s, where the 
advance is made by a fixed unit at each step. The next simp- 
lest, and exactly analogous, case is the count by 2’s, to which 
the combining of even digits is closely related. The greater 
ease in dealing with all possible combinations of the four 
even digits (2, 4, 6, and 8), is apparently due to a subcon- 
scious resolving into, or resting back upon, the 2-count, which 
itself is similarly related to the count by 1’s. In adding (and 
the same was found true of the other simple arithmetical proc- 
esses) the reinforcement of association for any given step, is 
roughly proportional to the number of other parallel or under- 
lying processes leading to the same result. This gives a closely 
knit synthetic system easily reducible into simple common ele- 
ments. There is a feeling of greater familiarity, because of the 
greater number of easily accessible links of association. Such 
an association complex is lacking with the odd digits, except 
as noted above. 

While adding odd digits to each other is, in general, harder 
than combining even digits, it is still harder to add even and 
odd digits. A series of even digits yielding odd results (the 
series, of course, beginning with an odd number) generally 
proved very disturbing to all the subjects. To one subject 
8-++5 presented a standing challenge; he frequently found 
himself on the watch for it with a determination to ‘‘know 
that it was 13 if it should appear.’’ At other times when he 
came upon an 8-+ 5 combination he felt that, having had so 
much trouble with it, it was nearly useless to attempt to do 
much with it, and so counted on the five instead of adding it. 
With 63+-4, after struggling a while with it, the subject 
counted on the four. Great difficulty was had also with 7 +4 
and 9+-4 in remembering which was 11 and which 13, etc. The 
only exception found to the inherent difficulty of this class 
occurs in 6+ 3 and 9+ 6 related to the 3-count. 

Relation of the Size of the Digit Added to the Difficulty of 
Combining. It is much more the size of the smaller of the 
two digits combined than the mere fact of large digits which 
determines relative ease or difficulty. The shorter the step in 
adding any two digits irrespective of the size of one of the 
digits the easier the process. It was the common method of 
the subject to add the smaller digit to the larger. Arnett 
reports the same. 
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Ebbinghaus’s study of the memory of nonsense syllables is 
so applicable to some of these simple number relations that his 
conclusions are of interest in this connection.! He concludes, 
in substance, that in the process of impressing any series of 
ideas upon the mind by repetition, bonds of association are 
formed between all the individual members of the series. 
Every member of such a series acquires a tendency to bring the 
other members along with it when it re-enters consciousness. 
These bonds or tendencies are of different degrees of strength. 
For remote members of the series, they are weaker than for 
neighboring members. The associative bonds for given distan- 
ces backward are weaker than for the same distance forward. 
The strength of all bonds increases with the number of repeti- 
tions. But the stronger bonds between neighboring members 
are much more quickly strengthened than are the weaker 
bonds between more distant members. Therefore the more the 
number of repetitions increases, so much stronger become these 
bonds absolutely and relatively to those of more separated mem- 
bers. On the basis of time saved in relearning six sixteen- 
syllable series, Ebbinghaus estimates the strength of the asso- 
ciative bond between contiguous and separated members of a 
series as follows—the percents are relative to the time required 
to learn the series at first : 

Time Saved. 


Between contiguous members 
Skipping one syllable 
two ac 


With permutation 


Our data shows a similar relation for the number series in the 
four simple processes here considered. The smaller of two 
digits added becomes the middle term or connecting link be- 
tween the larger digit and thesum. In terms of Ebbinghaus’s 
experiment—the strength of the associative bond between the 
larger of two digits and the result is inversely as the size of 
the smaller digit; or directly proportional to the difference be- 
tween the digits; thus, in 9 +2— 11, the associative bond 
between 9 and 11 is comparatively strong, but between 2 and 
II, as 2-+-9=I1, it is very weak. Applying this scale, two 
distinct tendencies appear for which the introspections afford 
a considerable body of evidence: (1) The easiest combina- 
tions will be those in which the greatest disproportion be- 
tween the digits exists as7-++ 2,9 -+ 2, 8-+ 3. In general, com- 
binations will be harder in the increasing order of the smaller 


iUeber das Gedachtnis, Leipzig, 1885. Summarized by W.H. Burn- 
ham, Amer. Jour. Psy., Vol. Il, pp. 587-606. 
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of two digits giving the same result; easier in the increasing 
order of the larger digit. (2) Continuing up the range of 
possible combinations with constantly decreasing differences to 
the point where the difference between the two digits combined 
is least, as 4+ 3,5+4, 8+7,9+8, the difficulty of combin- 
ing should be greatest; and curiously enough, we seem to find 
here the same law of the shortest step also operative—adding 
by subtracting 1 or 2in the case of 9’s and 8’s from the smaller 
of two digits, and saying the result in the ’teens, especially 
common in 9-combinations. With other odd and even digit 
combinations in this class where only a difference of 1 exists, 
as 8+ 7, 6-+5, and much less consciously with 5-+ 4, the 
addition is greatly reinforced and frequently comes directly 
from the doubling of the larger and subtracting 1. Thus 8+ 
7=8+8—1=16—1, etc. It is easy to add 6 and 5 because 
the sum is just 1 short of the familiar doublet, 6-+ 6= 12, and 
also 1 greater than the more direct 5-+5—10. While 6+5 
= 11 is comparatively easy, 7-+4— 11, as reported by the 
subjects, is most difficult. To formulate a somewhat general 
rule: 

1. The ease of combining is directly proportional to the 
difference between the two digits combined. 

2. Where the difference between the two digits is very 
small, particularly where there is only a difference of 1 the 
combining is made comparatively easy by subtracting the dif- 
ference between the larger digit and 10 from the smaller of the 
two digits which process becomes a cue for saying, in case it 
be 7—1, six-‘‘teen’’ instead of six. 

3. The most difficult digits to combine, where no common 
factor is present, are those falling between the two extremes, 
where the difference is neither very large relatively nor very 
small. These are: To 
this list of most difficult must be added ‘‘class 2’’ in all cases 
where the adding is done directly. 

The ’ Teens. ‘The decimal system represents a series of 17 
inembers, in which the strength of the bonds of association 
steadily decreases, as the possibilities of distance between the 
members increases. From 1 to 10 the associative bonds are 
sufficient to admit of all combinations with comparative ease 
and certainty. In the ‘‘teens’’ associations weaken. Below 
10, the longest step in combining is limited to 4 members, 
(except 5 + 5 which belongs to a different order, the 5-count, 
and is not much harderthani-+-1. Transcending the 1-10 range, 
the largest number of members which may occur between any 
two is 8; 9-++-9 reinforced by the multiple series is of the nature of 
a count; and 10+10 is also a count. 10+ 9 or 10+ any digit 
tends rapidly to become purely a cue for the immediate saying 
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or writing of 19, etc. No conscious adding or combining is nec- 
essarily present. This holds for all 20’s, 40’s, 50’s, etc., plus 
any digit. Allresultsderived, ina way analogous to results in 
the range 1-10, as 12+ 4, 13+ 5, 45-+ 4, etc., approach in 
degree of ease the simple 4-++ 2, 5+ 3, 4-+5, etc. This re- 
duction leaves a range of results 11 to 17 inclusive, derived 
by combining single digits, psychologically differentiated from 
the lower range in respect to the character of the associative 
bonds. The subconscious recapitulation of the 1-10 range and 
of the ‘‘teens’’ is not only the frame-work, but very largely the 
substance, of all adding. The tens are transcended as a sub- 
conscious count. It is primarily with the digit relations that 
the adding consciousness has todo. Whether the adder is in 
40's, 60’s, or go’s, the consciousness of the series in this sense 
is very much submerged. A subject having 8+8—16+9 
had to stop and think to himself 9g-+6 are 15; having 47-+- 6 
had to stop and say almost audibly 7-++ 6 are 13. ‘‘All adding 
seems like a continuous referring to the numbers under 20,”’ etc. 
Because of this constant subconscious reference, any habitual 
difficulty which one has in the ‘‘teens’’ is bound to be repeated 
in all adding as often as the troublesome combination recurs. 
Thus, if one has a strong tendency to confuse 7-+ 4= 11 and 
7-+6=13, the same difficulty is experienced with all 24’s, 34’s, 


74’s, ete., +7, or 37’s, etc.,-+ 4, and similarly with all 7’s-+ 6 
and 6’s+- 7. 


Summary. 


1. The adding psychosis may be divided schematically into 
steps, each corresponding to a digit added. In each addition- 
step there are two focal points of attention and a subconscious 
association stage; the recognition of the digit to be added, the 
subconscious associative elements leading to the new sum, the 
recognition of this sum, which goes over into a pulse of inner- 
vation for its vocal expression (usually incipient). 

The recognition of the digit to be added is not the recognition 
of 7 or 9, as such, but the recognition of the digit as tied to its 
subconscious associates. Chief of the associates just preceding 
and simultaneous with the focal flash is the motorizing of the 
previous result which at the instant of recognition is ‘‘still 
ringing,’’ as the subjects often expressed it. The associates 
directly following comprise all that is gone through in adding 
the recognized digit. 

2. The subconscious fringe, t. e., the associative stage, may 
be wide or narrow. In proportion as it is wide, the attention 
may be directed to many other matters, arising either from 
central distraction or accidental conditions of the process. 
These were found to be: (a) Wandering of the attention; 
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irrelevant thoughts and images. (b) Slight fatigue effects 
where for an instant consciousness seems to bea blank and no 
imagery of any kind can be recalled. 

3. Accidental relations of numbers and results may rise into 
consciousness as direct distractions, or produce their effect un- 
consciously as causes of error. (pp. 5 f.) 

4. The sense of accuracy, or assurance, seems to be closely 
dependent on the subconscious motorization of the results. It is 
essentially a feeling and not mere intellectual assent. 

5. Any feeling of uncertainty occurring in any part of the 
series usually imparts an uncertain tone to the remaining part 
of the series. 

6. Anticipation of results and combinations of digits tend to 
arise in proportion as any particular digit or arrangement of 
digits is repeated. 

7. L£bbinghaus’s laws of association were found to hold in 
single digit adding. The reason for this appears in the fact, 
that adding, as Mach and others hold, is derived from the count, 
much evidence for which has been found in this study. The 
child’s learning to count is analogous to Ebbinghaus’s learning 
of nonsense syllables. Counting is purely a verbal formula, 
the one law being that the members always follow one another 
in the same order. The laws of association found by Ebbing- 
haus hold much more for the count than for nonsense syllables, 
in that, different from Ebbinghaus’s standard of efficiency— 
being able to go through the series once or twice without 
error—the child goes through his series of nonsense syllables, 
the one, two, three, etc., until it is impossible to say it wrong, 
thus fastening upon his after experience in adding a bondage 
to these laws, of which the introspective data gave evidence 
at every turn. 

8. The decimal system represents a series of 17 members en- 
tailing a maximum range of 8 members over which the asso- 
ciative bond must operate in combining the larger digits. 


CoMBINATION ADDING. 


In this experiment the subject added 50 single columns of 
20 digits each. He announced his results, which were recorded 
by the observer, as he proceeded. At the end of each column 
the observer and subject together went over the adding, noting 
combinations, peculiarities, errors, etc. The subjects, Kn., K., 
L., and J., were instructed to add as naturally as possible, mak- 
ing no attempt to combine beyond their pre-established habits. 
Kn. combined in 39% of the additions; K,51 %; L, 54%; J, 
73%. The time gained by each subject per digit over the time 
per digit in single-digit adding was in inverse ratio to the 
per cent. of combining. 
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During this experiment (and the evidence will grow as we 
proceed through the other processes) it became clear that the 
incipient motorizing of results as the adder proceeds is a relic 
of the earlier motorizing of the addition tables, standing in the 
adding consciousness for the fully expressed verbal form. 
Hence the assurance attaching to it. Inthe last analysis the 
adder is only sure that his result is right when it reduces to 
the tabular form as ‘‘6 and 7 are 13.’’ A further reason why 
practice has unconsciously selected the more or less incipient 
saying of results as a permanent part of the process has already 
been given (p. 4). Motorizing the result objectifies and holds 
it subconsciously, thus freeing the focus of consciousness for the 
recognition of the next digit or combination to be added. In 
single digit adding the imagery of the recognized digit to be 
added was visual (directly seen). It was not motorized (except 
as the subject reverted to the verbalism of the tables), but 
combined as a visual element directly with the motorized re- 
sult. In combination adding a similar division of labor be- 
tween imagery is present. 

Sense of the Tens. In single-digit adding the tens are tran- 
scended as a subconscious count. (p. 11). In combination 
adding this vague sense of progressing by 10’s furnishes a 
stimulus, but also tends to regulate the combining habit. 
Thus Kn. proceeds by combinations as near 10 as_ possible. 
K. breaks the digit, or combination added, into two parts, 
such that one of the parts added to the digit of the pre- 
ceding result will give exactly the next higher even ten. For 
one trained on the Japanese abacus, this procedure is as simple 
and direct as to separate 3 beads from 5. It is entirely visual 
and apparently immediate. The same is true of the recombining 
with 10. The Japanese method obviates the difficulties of 
adding in the ‘‘teens.’’ There are no (7+ 4)’s, (7-+6)’s or 
(8+-5)’s, etc., to surmount. While J’s conscious purpose is to 
combine as many digits as possible at each step, his combina- 
tion must not transcend the next higher ten, a general caution 
with all the subjects. 

Prolonged and Suppressed Motorization of the Ten. With 
Kn., K., and J., as the vague sense of the ten of the new result 
arises, its motorization begins and continues slowly until ter- 
minated by the short and forceful motorization of its digit. 
The duration of the prolonged motorization of the ten is deter- 
mined by the time required for making the combination. But 
the sense of the ten alone impresses L. as incomplete; hence 
its prolonged motorization is inhibited. This inhibition gives 
rise to a feeling of strain or tension which becomes more in- 
tense the longer the new result is delayed. As the new result 
is motorized the sense of strain is relieved. The longer the 
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inhibition the more time is required to regain the feeling of 
equilibrium; because, as L. expresses it, ‘‘the strain is greater.’’ 
The holding back of the saying of the ten of the new result 
often became very audible. Strained hissing sounds escape 
like the initial f, ¢#, s and ¢-sounds of 40, 30, 60, 20, etc. Ap- 
parently it is this pent up motor expression which gives rise 
to the vague feeling tone of strain which L. subconsciously 
attributes to the mental operation as a whole. In his adding 
each combination is followed for a few figures by single-digit 
adding until the feeling of mental poise is again reinstated, 
when another combination is attempted. 

A graphic record of the time relations in saying the re- 
sults was obtained by the use of a Morse key and revolving 
drum. The subject’s left hand rested upon the key, and he 
easily learned to press it automatically (with neither attention 
nor effort) as he announced the successive results of his 
adding. Kn., K., and J.’ pressed the key so far as could be 
determined simultaneously, with the beginning of their saying 
of the long drawn out ten. The key was released not simul- 
taneously with the saying of the digit of the sum, but a little 
later. This slight pause seems like a brief waiting for the 
sense of assurance to arise. Then followed a much longer 
pause, during which the sense of the new ten was arising, termi- 
nated in turn by the pressing of the key at the beginning of its 
slow enunciation. With L. (and in the latter part of the ex- 
periment with K. also) motorization of both digit and ten took 
place as a sort of explosion, accent strongly on the digit, and 
the drum record shows but a single stroke. This distinction of 
two characteristic ways of motorizing results holds for each 
of the four processes and for writing the results in subtraction, 
multiplication and division. L’s case would also seem to indi- 
cate (as later evidence will tend to confirm) that inhibiting 
motorization necessitates a longer pause for the feeling of assur- 
ance to arise. 

Kinds of Errors. The more common types of errors were 
found to be: 

1. Skipping tens. This kind of error seems to arise from 
a vague sense of violation of uniform progress by 10’s. If the 
subject passes over a ten, as 18-+ (6-+-6)12= 30, he is liable 
to feel that a step has been missed and in some part of the 
series to drop back into a lower ten. Or, if his combination 
leaves him still in the same ten, the impression may arise of 
being a ten behind and result in substitution of a higher ten 
at some point in the series. 


1A slight modification was used in J’s case to accommodate the 
registration to his habit of using a pencil for keeping his place in the 
series. 
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2. When a digit is combined or added out of its natural 
order, the skipped digit is liable to be forgotten and not added; 
or, because of the ease with which the skipped digit is later 
combined with an even ten, it may be added almost uncon- 
sciously, but the feeling of its not having been added may persist 
so strongly that it is added a second time. 

3. Momentary holding over in motorization of the ten and 
suppression of the digit of the result, while seeking to com- 
bine with it some other digit just ahead, is liable to result in 
the error of merely motorizing the digit instead of combining 
it with the suppressed digit. 

4. A relatively small class of errors arises from the subcon- 
scious attempt to correct some slight error which has supposedly 
been made by adding or subtracting 1 from some digit (8 added 
as 70rg). The adder is liable to add when he should sub- 
tract, and vice versa. Errors of this kind are most common 
where 9’s are added as ‘1 less’’ and 11’s as ‘‘t more’’ than 10. 


Summary. 


1 The main phases as summed up for single-digit adding 
will be found also in combination adding. 

2. Two distinct types of motorizing of results were demon- 
strated: (a) As soon as the sense of the ten arises its motoriza- 
tion begins, and is prolonged while the digit part of the result 
is being derived either by combination or simple addition, when 
the long drawn out ten is terminated by the short and accent- 
uated motorization of the digit. (b) In the second type, motor- 
ization is repressed till the idea of the complete result arises, 
when both ten and digit are motorized together. The repres- 
sion of motorization produces in the subject a sense of strain 
followed by the feeling of relief as the result is motorized. 

3. Four general types of errors were found 

4. After the motorization of each result a distinct pause 
occurs, the pause apparently affording opportunity for the 
sense of assurance, following upon the motorization, to arise. 


II. MULTIPLICATION. 


Subjects: T., H., B., and C. The numbers upon the cards 
used in single-digit adding were multiplied digit by digit con- 
secutively, by each of the digits 2 to 9, inclusive, by each sub- 
ject. The multiplier was announced an instant before the 
‘‘ready’’ and ‘‘go’’ signals. Other conditions were the same 
as in single-digit adding. In the multiplying of T., H., and 
B. there were many traces of the tabular verbalism, and these 
were more prominent with the larger multipliers. With these 
any difficulty or halting of the association invariably threw the 
subject back upon the full motor expression, as, ‘‘six 8’s are 48 ”’ 
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Any distraction of the attention did the same, as also did gen- 
eral fatigue. In C’s multiplying hardly any trace of the verbal- 
ism was to be observed, the digit as it appeared on the card imme- 
diately suggesting the product. He found almost no difference 
in the ease or difficulty of the multiplying between the large 
and small multipliers, and his average time per digit agreed 
with his introspection. We should recall that C. represents a 
relatively high degree of practice. 

Perfect certainty of individual multiplications and of the series 
as a whole was the rule—a radical difference from the feeling 
in adding. The motorizing of the results seemed, to all the 
subjects, essential to this feeling of accuracy. With H., B. 
and T. a marked tendency to run ahead of the incipient saying 
of the results was observed. Sometimes, apparently, the mo- 
torizing of the results was two digits behind the multiplication. 
The subject always felt this running ahead of the motorizing to 
be a danger; a uniform time per digit seemed necessary. If any 
result is retarded one of two dangers is liable: (1) The subject 
subconsciously feels that he must hurry the multiplication to 
avoid a break in the uniform time of motorizing the results 
which becomes a distraction that further hinders the rise of the 
desired result. In such a case the whole process was liable to 
be held up at that point and the subject proceed slowly for all 
the rest of the series. (2) If the process does not halt on the 
digit whose result is retarded, it frequently happens that hesi- 
tancy allows the motorizing process to overtake the multiplying 
process. In this case the retarded result may not be motor- 
rized at all, the motorization passing directly to the next re- 
sult. The subject in such a case feels that he must go back 
and say the result whose motorization has been left out, al- 
though perfectly certain, intellectually, of its correctness, the 
same phenomenon is to be observed in simple dividing. C., 
whose time was the shortest and most uniform for all the pro- 
cesses, did not show this tendency to run ahead of the motor 
series. He felt that he must say each result before passing to 
the next multiplication and so dispose of it. 

‘*The Multiplication-set.’’ In adding, some indication of an 
‘‘addition-set’’ or attitude appeared. A slight Anvegung was 
also present. The ‘‘set’’ is much strengthened by the first 
steps in the series in each of the four simple processes. In simple 
multiplication the ‘‘set’’ is intimately connected with anticipa- 
tion and its principal element is the multiplier. T. and B., on 
hearing the multiplier announced, frequently found themselves 
thinking over the possibilities in the upper part of the table. 
All of the subjects were in a state of expectancy while waiting 
for the multiplier to be announced and gave it special atten- 
tion. C., B., T., would at times, find themselves repeating it. 
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During the multiplying the multiplier was an almost (if not 
entirely ) unconscious element in the process. Even when the 
verbalism appeared, the multiplier seemed of little consequence. 
Whether the formula runs six 1’s are 6; six 2’s are 12, etc., 
or once 6 is 6, 2 times 6 is 12, etc., the multiplier in either case 
is psychologically the constant, and serves only as the sign of 
a particular set of associations. 

The digit part of the result did not stand out clear and dis- 
tinct in consciousness from the ten as in addition, but each 
product seemed to the subject a whole. The accent appeared 
to be solely determined by the laws of rhythm and euphony, 
depending on the habit of saying the tables. 


WRITTEN MULTIPLICATION. 


Subjects: T., H., Bk. and C. Eight examples written upon 
white cards, each containing all the digits differently arranged, 
were multiplied by each digit, 2 to 9 inclusive, by each sub- 
ject. The card, held in place by the left hand, rested across 
a tin plate so arranged that the writing of the digits on the 
card pressed down the plate sufficiently to bring it into contact 
with a row of brass screws directly under it, thus completing 
an electrical circuit, and recording the time of writing each 
digit upon a rotating drum. The example was covered by a 
piece of paper removed simultaneously with the signal ‘‘go.’’ 

In general, not knowing the multiplier and not being able 
to anticipate made the work slower at the start than with the 
cards. The subject tended to start before the particular ‘‘set’’ 
was established. The general procedure of the subjects may 
be summed up somewhat as follows: 

First a brief hesitancy while the ‘‘set’’ or attitude for the 
particular table called for is establishing itself. Along with 
this arises an affective tone, its character depending on the size 
of the multiplier. The multiplications are as easy and sure as 
in the card multiplying. The subject is, however, thrown 
back more upon the full motor expression of the tables. 

While writing the digit there is often a tendency to look 
back upon the immediately preceding step. The writing 
begins with the first faint inkling of what the digit is to be, 
and progresses slowly until the subject is perfectly sure of his 
result. Often the subject will begin to write the wrong digit 
and unconsciously change it to the right one without lifting 
the pencil. This slowness is principally confined to making 
the first part of the digit. With the clearing up of the idea 
or the assurance of its correctness, the unfinished part of the 
digit is executed rapidly. But Bk. inhibits the writing until 
sure of correctness, when the digit is rapidly and forcefully 
executed. This method seems to favor or necessitate a slight 
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resting pause involving a slight sense of relief as the previously 
inhibited writing of the digit takes place. 

With the smaller multipliers where the possibilities of carry- 
ing are reduced, the tendency is to perform the multiplying 
and carrying in advance of the writing. This also occurs with 
the larger multipliers, where the numbers to be multiplied are 
small. Here both multiplying, adding and carrying are so 
much simplified that the digits of the complete product come 
quickly and easily. Thé motorization of it is apparently re- 
duced, and it is handed over, at once, to automatic writing, 
while the attention is left free to run ahead. In the first case 
where multipliers are large the subject seems to be ‘‘thinking 
with his pencil;’’ in the simplified case, the writing of the 
digit follows the actual multiplying and carrying as an entirely 
detached and automatic part of the process. 

Two types of difficulty arose in connection with carrying : 
inability to carry (T.); inability to add (H., Bk.). 

The cause of the difficulty in carrying is two-fold: (a) In 
adding, as we saw, a division of labor takes place between 
motor and visual imagery. A visualized or a perceived digit 
was combined directly with a motor foregoing result. Here 
there seems to be a clash of motor images. The motor ten of 
the foregoing product is to be added to the following motor 
product. The economy of the division of labor between im- 
agery (at least as far as simple numerical relations are con- 
cerned) seems to be that a motor and a visual image of two 
different digits to be added, say, may exist simultaneously, one 
of course being much less conscious than the other at any 
given instant. In the case of two motor images this is impos- 
sible, for while such images may follow each other, if the atten- 
tion turn back for the first, itcan only be revived as the other 
image is displaced. This appears to be one of the chief causes 
of difficulty in the carrying of multiplication and will probably 
explain the trouble experienced with carrying generally. (b) 
From a feature of adding already pointed out, the tens are very 
subconscious, the attention being mainly upon the digit. But 
in multiplying the ten is quite as important as the digit. One 
must attend to it in order to have it for carrying. Hence arises 
an inconsistency in the process itself. The subject whose at- 
tention in normal adding lets the tens take care of themselves 
and focuses upon the digit relations, must, in multiplying, at- 
tempt to keep both ten and digit in attention while he adds, 
and this apparently is possible only when a third kind of motor 
imagery is made use of, the writing of the digit. For C., the 
writing of the digit served this purpose. But for the ordinary 
multiplier this is not the rule in so far as the other three sub- 
jects are typical of that class. If the subject adds in the nor- 
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mal way, letting his ten go (T.), when he needs his ten to add 
he will find that it has slipped away. If he remembers that he 
must retain the ten (H., Bk.) so as to be able to carry it on and 
add it to the next product, he will find it very difficult to add, 
as his attention is thus drawn away from the digit, which one 
must of necessity attend to in adding, although he can readily 
carry. We may expect then, in general, to find these two 
types among ordinary multipliers, and also a large class of char- 
acteristic errors arising from each source. 

C. did not, like the other three subjects, experience particu- 
lar difficulty in either carrying or adding. He recalls earlier 
difficulties of this nature, but practice has apparently eradi- 
cated them. In other respects, except being on the whole 
much more immediate, his method does not essentially differ 
from the foregoing account. 

The degree of reversion to the more primitive tabular ex- 
pression, found with all the subjects, was in general propor- 
tional to the size of the multiplier. As the size of the 
multiplier increases, the possibilities of carrying are also pro- 
portionally increased. In itsélf it is not hard to use a large 
multiplier, but it proves so because of the increased range in 
carrying. With 2 as multiplier, if any digit is carried, it is 
always 1; hence carrying means ‘‘count 1.’" With 3 also, 
the carried digit will often be 1 and never be more than 2; 4, 
as mult‘plier, means a range 1 to 3 in carrying; 5 is unique, in 
that, while its range is 1-4, the product to be added to is al- 
ways 5oro. Incase it isoit is a mere cue for the saying of 
the digit carried; no real adding is involved; hence the greater 
ease of 5, as compared with 4, as multiplier. The difference 
between the average time per digit in written multiplication 
and that of simple multiplying with the cards, in general, in- 
creased proportionally with the size of the multiplier. 

With the 2’s, 3’s and 5’s full motor expression does not arise 
in C’s multiplying. As C. expresses it, the multiplication 
‘set’? is not interrupted as with larger multipliers, owing to 
the few possibilities of carrying. But from the interruption 
of the multiplication ‘‘set’’ which occurs with the multipliers 
above 5, motorizing the full tabular form is frequently neces- 
sary to reinstate the ‘‘set.’’ All C's products are strongly 
motorized. The adding is a very conscious part of the process. 
He does not motorize the carried digit except as it is repre- 
sented in the strongly motor ten—57, say. The 7 is written 
automatically and not further attended to. Thus the attention, 
freed from the digit, focuses upon the ten, as the digit to be 
carried. Auditory imagery is especially prominent. 
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Summary. 


1. The imagery is predominantly motor and auditory. Vis- 
ual imagery also is present, but apparently plays a subsidiary 
role. The great predominance of motor-auditory imagery is 
due apparently to the difficulties of carrying (7. e., motoriza- 
tion of results in adding, and the auditory-motor form of the 
multiplication tables). 

2. Carrying. The most vulnerable part of written multi- 
plying is the carrying. In adding we normally hold the results 
in terms of motor imagery while the attention passes to the 
following digit (visual) to be added. In carrying, the digit to 
be added comes first, the product to which it is to be added 
second; thus the conditions of normal adding are reversed. 

Two types of difficulty arise from carrying: (a) As was 
pointed out in a previous section, the attention is most con- 
cerned with the digit relations, and very little concerned with 
the tens in normal adding The multiplier who adds in the 
usual way is in constant danger of losing the ten (digit to be 
added). (b) The multiplier who realizes this danger will try 
to retain the ten by making it more conscious, thus drafting 
away the attention from the digit of the result, and will ex- 
perience great difficulty in adding. In type (a) adding is 
relatively easy, carrying difficult. In type (b) carrying is 
relatively easy, adding difficult. 

3. Writing the digit is practically automatic. With practice 
it tends to become a detatched system of imagery, which is 
very submerged in consciousness. The motorization (lin- 
guistic) of the digit tends to fall away and disappear, and the 
writing tends to take its place. The ten more and more tends 
to receive all the motorization which in normal adding goes 
largely to the saying of the digit. Both digit and ten thus 
tend, with relatively high practice, to be objectified and held 
until each has properly functioned. The effect might perhaps 
be induced with a lower degree of practice, if consciously at- 
tempted. 

4. Pedagogical. From the foregoing data, three pedagogical 
inferences seem warranted. 

(a) The difficulties superimposed upon the relatively easy 
process of multiplying by carrying would be entirely obviated 
by the method of writing the entire products at each step 
(multiplier placed at the left, the writing progressing in the 
natural way toward the right and adding at the end of the 
process). Psychologically this method is much simpler than 
the common method involving carrying. A similar statement 
should also be made for the same general method applied in 
adding where carrying is involved, for much the same reason. 
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(b) The importance of thoroughly mastering the verbal 
formula of the tables lies in the fact that the formula may be 
easily revived after long lapses of practice. The tables fur- 
nish an instrument, always at hand, for the determining of any 
product within their range with a certainty proportional to the 
proficiency with which the tables have been mastered. 

The multiplication tables are also a helpful standard of ref- 
erence in addition, where digits are repeated, or where the 
adder can single out at a glance all the 8’s, say, in a column. 
The adding may thus become much easier, and the adder 
absolutely sure of correctness when 8-++8-+8 yield 24, because 
three 8’s are 24, etc. The multiplication tables are also indis- 
pensable to division. 

But in proportion to the number of steps in the verbalism is 
the number of members which must be weeded out as the 
process approximates immediate association. Hence the verbal 
formula should be of as few words and as suggestive of imme- 
diate associations as possible. Although in general such a 
verbalism presents more or less of a barrier to immediate asso- 
ciation, there is some compensation in that it may operate in a 
very subconscious manner, thus freeing the attention for other 
parts of the process. In case of momentary withdrawing of 
the attention, fatigue, etc., this part of the process may be 
relied upon practically to take care of itself. 

The use of tables, however, as a basis for deriving results is 
not only slow, but fatiguing, because, unlike visual imagery 
which is relatively instantaneous, motor imagery involves a 
distinct process. 

Another element of fatigue is the inhibition of saying the 
tabular form aloud. The subjects frequently and quite gener- 
ally reported a strained feeling in the throat accompanying 
the thinking in terms of the tables; the tongue pressed 
against the teeth, or roof of the mouth, etc. A further slight 
cause of fatigue is the inhibition of motorizing non-essential 
members in the verbalism as the tendency to immediate asso- 
ciation begins to short circuit the process. 

(c) The Multiplication Tables. Multiplication is abbreviated 
addition.’ The child should not study addition and multiplica- 
tion as two distinct subjects, but understand the latter as a 
special case of the former, that he may make as large a use as 
practicable of the reinforcement which the multiple series 
ought, psychologically, to lend to the adding. 

In so far, however, as the addition point of view enters as a 
subjective factor into the tables, either consciously, or subcon- 
sciously, suggested by the form six 8’s etc., it is likely to 
introduce a new factor affecting the ease and difficulty of 
multiplying. It will be easier to think three 9’s than nine 3’s. 
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Thinking in terms of the tables will be harder as the multiplier 
becomes large with reference to the digit multiplied. 

Since it is the office of the multiplier to suggest strongly, or 
switch the mental processes into, the particular set of associa- 
tions (table) called for, it should stand first in the verbal formula. 
The multiplier should always be smaller than the digit mul- 
tiplied. To think in terms of the smaller digit times the larger 
offers no necessarily greater difficulty than the immediate rec- 
ognition: 9 X 3= 3X9. Such a method would reduce the 
multiplication tables about half. The larger tables would 
almost disappear, z. ¢., the twelve-table would go entirely; +4 
of the eleven-table; 3 of ten-table; 34 of the nine-table, % of 
the eight-table; , of the seven-table; % of the six-table, etc. 

The cases in which both factors are the same should prob- 
ably be learned as a separate table, because they forma unique 
series, the square and square-root system. From their tabular 
form they constitute a table where it is pussible to reduce the 
verbal formula to a minimum, thus greatly favoring immediate 
association. In the multiplication tables 9 may mean any num- 
ber from 18 to 72. In the square system 9 always means 81. 
We only need to say 9-81; 8-64; 7-49, etc. 

The form suggested by traces of the tables which now and 
then rose to consciousness with our subjects and also favored by 
the addition point of view was, for example, six 8’s—48, in which 
‘‘are’’ has disappeared and szx is tending also to disappear. 

Addition and multiplication are essentially synthetic. The 
associative bonds operate forward. In subtraction and division 
the bonds of association operate backward, hence the two dis- 
tinctly different classes into which the four simple processes 
divide. 

III. SUBTRACTION. 


Subjects: Kn., K., L. and J. Simple subtraction with the 
same packs of cards as in single-digit adding preceded written 
subtraction. No pack had digits adding 100, 99 being the 
highest sum, 79 the lowest. The subject always started at 100, 
subtracting each digit as it appeared from the previous re- 
mainder. Other conditions as in single-digit adding. 

The subtraction ‘‘set’’ is harder to initiate than either the 
addition or multiplication ‘‘set.’’ The interchange of motor 
and visual imagery is like that of adding. By Kn., L., and 
J., the perceived digit (on the card) is first attended to in the 
light of the preceding digit of the motorized remainder, which 
is being motorized at the instant of perceiving the digit. If 
the perceived digit is smaller than the digit of the previous re- 
mainder, the subtraction falling in the range 1-10, is relatively 
immediate. If the digit to be subtracted is larger, it leads to what 
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may be called ‘‘subtracting by adding.’’ The digit seen becomes 
a cue to begin motorizing the next lower ten strongly. The 
digit to be subtracted, say 7, is perceived while the previous 
remainder 53, is being motorized. Following the recognition of 
the digit comes the recognition, 7 > 3, which is a cue for mo- 
torizing the next lower ten, 40. Now arises a rough formula 
‘‘forty-something’’ and 7 are 53 = 6, hence 46. This method, 
very general at first, should, however, be regarded as due to a 
relatively lowdegree of practice. Three principles, which later 
data will further confirm, were suggested: 

1. Subtraction is harder than addition. Introspective evi- 
dence for this was general and the average time per digit sub- 
tracted was longer: Kn, 2.2; K, 2.6; L, 1.9; J, 1.5 (p. 3). 

Ebbinghaus’s law of serial association described in case of 
adding (p. 9) must, from the nature of the case, operate also 
in subtraction. From the fact that the count is repeated for- 
ward (counting backward as a habit is hardly comparable), the 
associations backward are weaker than for the same distances 
forward, decreasing in strength as the distance between mem- 
bers increases. 

2. For this reason, a balance will be struck between adding 
and subtracting. For the adding, it will naturally tip in favor 
of subtraction (as we found) when the distance forward is 
great enough to make the associative bond weaker than sub- 
tracting over a much shorter step (8-+ 7= 16—1; 9 + 8= 8 
—1I=7'‘‘teen,’’ etc.). But when associative bonds in the 
forward direction are stronger than in the backward direction, 
subtracting (or verification) by adding becomes common; so 
much so, that that subtraction may be regarded asa derived 
process from adding. 

3. But the fact of subtraction as a process derived from addi- 
tion has an important secondary result. The process of ‘‘sub- 
tracting by adding,’’ while easier as far as the fundamental 
laws of association are concerned, is too roundabout in prac- 
tice, and immediate association tends to come in more quickly. 
This was a marked feature of the card subtracting. A small 
amount of practice with all the subjects showed great gain in 
deriving remainders immediately and dispensing with addition. 
The same phenomenon also appeared in dividing, which bears 
a like relation to multiplication. Subtraction and division are 
far more immediate than addition and multiplication, though 
probably far less practiced. But the subject, as a rule, does 
not trust his remainders as they appear and only learns to 
do so after considerable practice. Subtraction and division, 
while the most immediate of the four simple processes, are also 
characterized by lack of confidence and consequent ‘‘proving;’’ 
and this is especially true of subtraction. As the adding gave 
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way to immediate association, it was still retained by Kn., L. 
and J. to prove the results. 

K., as in adding, always breaks a larger subtrahend digit in 
two, in such a way that one part will give the ten; the other is 
then taken from 10. All his subtractions thus fall in the range 
1-10. What was said in favor of his method in adding applies 
still more in subtracting. 


WRITTEN SUBTRACTION. 


Subjects: Kn., J., L. and K. The method was similar to 
that used in written multiplication. Fifty examples having 
each digit in both subtrahend and minuend, but differently ar- 
ranged each time, were performed by each subject. The more 
important part of the data concerns the three different methods 
employed. K’s method is Japanese. If the subtrahend digit 
is larger, it is taken from 10 and the remainder added to the 
minuend digit. Otherwise the method is the same as that of 
Kn. L,. and J. use the older method of borrowing by adding 
1 to the subtrahend; Kn., the common method of subtracting 
1 from the minuend. 

No evidence of the entire suspending of motor imagery for 
one of the digits (usually the lower, though often both are 
strongly motorized, as 6 from 13) appeared; but in simple 
taking away, there is a tendency for a glance at the two digits, 
involving mere appearance without recognition of either digit 
in itself, to constitute a cue for immediately writing a certain 
figure without motorization. Several other similar cues were 
also found: (1) Where the two digits, subtrahend and minu- 
end, are equal. (2) When a difference of 1 exists, the subtra- 
hend digit being larger, this relation may become an immediate 
cue for writing 9. (3) The subtrahend digit being larger by 
2, may become a cue for immediately writing 8. But the dif- 
ference of 2 yielding 8 immediately seemed a limit. Such 
cues work best when there is no borrowing. In case of bor- 
rowing, it also works fairly well in the method of J. and L. 
But reducing the minuend digit (Kn., K ) hinders the use of 
such cues in proportion to the degree of forgetting whether or 
not borrowing should occur. 

The most difficult subtracting is where the borrowing is in- 
terspersed with cases of simple taking away. The habit of 
borrowing rapidly establishes itself and the subject is liable to 
continue it over into the simple subtractions and vice versa. 
Involved in adding to (K.) or subtracting from, the upper 
digit (Kn.) is the necessity of remembering whether the pre- 
vious minuend digit has been raised to a ‘‘teen,’’ or looking 
back to see. For K. and Kn. this was most difficult. The 
difficulty is twofold: 
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1. The memory as to borrowing is very feeble when it exists 
at all. Sometimes it seems to be retained as a memory of 
moving the pencil towards the next minuend digit, from which 
theoretically the borrowing is to be done, and also a general 
feeling of having moved slightly in that direction (K.), or 
as a memory of the visual 1 of the digit raised to the ‘‘teen’’ (J.); 
which vaguely retained sense means: ‘‘take away 1 from the 
minuend digit before adding to, or subtracting from it.’’ From 
difficulty of recall and the vagueness of such imagery. arises a 
strong tendency to look back each time to the foregoing step, 
just before the adding or subtracting occurs. The glance 
back, however, interposed as it is between two closely related 
parts of the process, is also vague; hence, it too, is unreliable. 
The lower digit is already being motorized, which is really the 
beginning of the adding, or subtracting, and the normal direc- 
tion of the attention impels one to continue: now interposed 
between these naturally almost inseparable: processes comes a 
hasty backward glance. In case this glance brings with it the 
impression of having to borrow, the adding, or subtracting 
step already begun is broken off and the minuend digit reduced 
by 1, and then the adding, or subtracting, is completed. The 
only looking back which can be relied upon occurs as the digit 
(remainder ) is being written, which takes place so automatically 
that the attention is free to look back. 

2. The greater inconsistency, however, occurs in decreasing 
the minuend digit. It is not difficult to reduce this digit by 
1, but a confusion is apt to arise from the fact that ordinarily 
this digit operates in the process of adding or subtracting as a 
visual element. The attention moves up to it from the lower 
digit and as it is recognized in connection with the lower mo- 
torized digit, the addition or subtraction occurs, with the min- 
uend digit directly within the field of vision. Hence arises 
the possibility of having to visualize a 4, say, with a perceived 
5 directly in the field of vision. 

If the 4 is motorized, the difficulty in holding it in motor 
imagery with the original 5 directly within the field of vision, 
may lead to errors allied to that class in addition where a per- 
ceived digit displaces a motor digit in the result. The motor 
4 must also displace the natural and more economic division of 
labor between visual and motor-auditory imagery in the follow- 
ing subtraction. For K., the process is further complicated 
by having to subtract and add to the same figure at as nearly the 
same time as possible. Kn. by the ordinary method must per- 
form a double subtraction, which proved quite as difficult as 
the ‘‘subtract-then-add’’ process of K. 

When both upper and lower digit are alike, the more or less 
conscious backward glance gives no cue as to whether borrow- 
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ing shall occur, which becomes a source of error, the subject 
assuming wrongly either alternative. J. and L. did not expe- 
rience difficulties of the above nature. The diagrammatic com- 
parison of the methods given below will make plain the 
reasons. 


General movement of the attention. The following diagrams 
represent the general movement of the attention for each sub- 
ject as determined introspectively. The arrows indicate the 
focal points in the general direction which the attention takes 
in moving through the subtraction steps. These are the 
points of conscious recognition, but, as already pointed out, 
there is no such phenomenon present as distinct flashes of the 
attention or disintegrated recognitions of the various important 
points in the process. Each recognition is an integral part ot 
the one preceding; or the various subconscious effects, following 
the foregoing recognition, constitute the necessary associates 
of the following recognition. No true recognition can take 
place unless the accustomed preceding recognition has occurred. 
Like a few instances in multiplication and division, if a fore- 
going recognition fails to occur in its natural order, the subject 
finds himself, as he looks at the figures in the written form of 
the example, staring at symbols devoid of all meaning. The 
arrow (a) in K’s method fig. z, indicates the first focal point, 
recognition of the relative size of the two digits, 6 and 8. Fol- 
lowing this recognition the attention, indicated by the second 
arrow, moves to the subtrahend digit, 8, its recognition ini- 
tiating strong motorization. The third and fourth arrows in 
broken lines indicate the vague movement of the pencil 
towards the 3 from which 1 is to be taken, and represent the 
taking of the 8 from 10, the recognition being a cue for the 
strongly motorized 2, which, as the attention moves to the 
recognition of the 6 (visual), is added to it. The fifth arrow 
represents the fifth focal point, the rising into focal conscious- 
ness of the resulting 8, initiating innervation both for its 
motorization and writing. 

The next step, 3—1, may represent in principle the chief in- 
consistency of the method. The first arrow, indicating the rec- 
ognition of the relative size of the digits, has obviated the ne- 
cessity of taking 1 from 10 and adding g tothe upper digit. 
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But as the attention moves to the recognition of 3, from the 
physiological memory of the general movement in the direction 
of 3 while taking 8 from 10 in the previous step, or more often 
looking back to see, as the 3 is recognized, the recognition in- 
volves reducing it by 1, and thinking it as 2. This requires a 
change in the focus of the atttention from 3 to 2. The difficulty 
arising, whether the 2 be visualized or motorized (p. 25), in- 
creases in proportion to the difficulty of the subtraction. The 
last subtraction 8—6 represents the simple case reduced to two 
focal points, recognition of the relation 8-6, immediately asso- 
ciated with the writing of 2. 


For Kn. Fig. 2 (subtrahend motor, minuend visual), the first 
and second focal points, are invariable, except when the tendency 
to write a certain digit from the mere appearance of the two 
digits involved, becomes operative. The raising of 6 to 16 does 
not require an added pulse of attention, as does the reducing of 
the minuend digit. In the particular ‘‘set’’ of the preceding 
recognition 8 > 6, 6 is not recognized as 6, but as 16, a mentally 
visualized 1 taking its place beside the 6 as it is recognized. 
The difficulties of reducing the minuend digit, however, are 
increased in cases where the digit has to be raised to the ‘‘teen’”’ 
and also reduced by 1. 


For J, Fig. 3, the first focal point is the recognition of the 
relative size of 6 and 8; the second embraces the recognition and 
motorization of 8; in the third focal point, 6 is recognized as at 
motor 16. J’s subtractions are in motor terms. The fourth focal 
point completing the step, with 8 motorized and automatically 
written, the attention goes at once to the next digit, 1, which 
is recognized as 2 (subconscious count), the first focal point 
of the new step. 

Slightly different is L's diagram (visual type) Fig.¢. His 


2 1 
~*~ | * 
(6\\ 2 \ 1 
2 Va Us 
Fig. 2. 
2 \\o\\ 1) 
2 
Fig. 3. 


second focal point motorizes 16; the third visualizes 8, yield- 
ing the motor result 8, automatically written; the attention 
then goes at once to 1, raised to 2, by subconscious count. The 
2 is strongly motor; but passing to 3, the visual imagery pre- 
dominates. Again, in the third step, 14—9, 14 is the second 
focal point strongly motorized; the third focal point is 9 vis- 
ualized; the fourth, the motor result 5, from which, while auto- 
matically written, the attention moves directly to the clearly 
recognized 3 (subconsciously raised from 2), and so on. 

Certain errors and difficulties inherent in the method of bor- 
rowing commonly taught at present—the liability of forgetting 
whether borrowing should occur, the difficulties in reducing 
the minuend digit by 1, the characteristic errors and general 
inconvenience of looking back, together with the affective tone 
of doubt, which it creates at every step—are greatly reduced, if 
not entirely obviated, by the older method used by J. and L. 
When the common method is used with visual imagery, Fig. 2, 
the visualized 1 (placed before minuend digits requiring bor- 
rowing) must be entrusted to physiological memory until the 
next miuuend digit is reached. From that digit it is separated by 
four focal points: the resulting digit of the remainder, the rec- 
ognition of the next digit of the subtrahend, thg recognition of 
the relative size of this digit and the corresponding digit of the 
minuend, and the the recognition of the minuend digit to be re- 
duced. Incase the minuend were motorized and the subtra- 
hend digit kept in visual imagery, the attention moving down- 
ward from the upper digit to the lower, four focal points would 
still intervene. If the subtracting were entirely in motor terms, 
as ‘‘8 from 16 are,’’ four focal points would intervene. 

Let us now turn to the older method in which we find the 
three possible ways of proceeding represented in the diagrams 
of J., predominantly motor, Fig. 7, and L. predominantly vis- 
ual, Fig.g. Inthe first case where the upper digit is visualized 
as the ‘‘teens,’’ which visualization is the basis of the physio- 
logical memory, only one focal point intervenes between such 
visualization and the actual increasing of the digit, as against 
four focal points intervening in the common method. In the 
case of the motorization of the minuend digit and the visualiz- 
ing of the subtrahend digit, two focal points will occur. In 
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the other possible case, the motorizing of both subtrahend and 
minuend digits, only one focal point will occur. A combination 
of the Japanese with the older method, eliminating subtracting 
from the ‘‘teens’’ in the older method and reducing the minu- 
end digit in the Japanese method, would seem, from the 
psychological point of view, a distinct advantage. 

As with the schematic description of the adding conscious- 
ness and that of multiplying, so here many modifications may 
arise, though the main focal points of the attention will always 
be found present. Attention may go off in a great variety 
of ways between the normal focal points. It may double 
on its course, go back and reinstate previous focal points; 
it may be influenced occasionally or habitually by subconscious 
doubt as to whether borrowing should occur, and so go over 
the foregoing step again and return with the missing associates. 
Any case of simple subtracting may prove to be an immediate 
perception of relation of size, leading at once to the writing of 
a particular digit always associated with this particular per- 
ception. The common habit of verifying the result as it rises 
into clear consciousness may cause the interposing of a com- 
plete addition step; and distractions from central causes are 
always liable. 

Writing the Digits of the Remainder. ‘The following general 
principles will be found to hold, with slight modification, for 
multiplication and short division as well as for subtraction. 

1. The writing of the digit is automatic. 

2. Doubt of the result or the habit of verifying may inhibit 
the writing of the digit until the verifying has taken place, in 
which case two things may happen: (a) The digit may be quickly 
and forcefully written as a kind of explosion of inhibited ac- 
tion, giving the subject a sense of relief and inducing a slight 
rest, which such inhibition seems to necessitate, before going to 
the next step. (b) The inhibited ideo-motor action may reach 
expression more slowly and occur during the preliminary 
recognitions involved in the next step, being terminated just 
before the actual subtraction is made. 

3. If the tendency to begin writing the digit as the first 
vague idea of it rises into consciousness is not inhibited, which 
is more common, the subject is usually repeating the process or 
verifying it by a reverse process, while the writing is slowly 
progressing. 

4. If assurance comes with the first focal recognition of the 
digit as in simpler cases, the time of writing the digit will be 
the time required to perform the next step. 

5. Thus, the automatic writing of the digit follows the 
movement of the attention. If the coming in of the focal idea 
with its tone of assurance is delayed, so much slower propor- 
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tionally becomes the writing of the digit. If it clears up in 
consciousness quickly, the remaining unfinished part of the 
digit is executed with a rapid stroke. If the train of imagery 
connected with the clearing up of the idea in consciousness is 
intercepted by irrelevant imagery, the movement of the pencil 
stops. 

Summary. 


1. Simple subtraction is a derived process, being governed 
in its mode of operation by the laws of association which oper- 
ate in adding and which in turn are derived primarily from the 
conditions of counting. 

2. Subtraction is harder than adding because the associative 
bonds operate more weakly in the reverse order. For this 
reason children should learn to count backward as well as for- 
ward. 

3. Hence arises the phenomenon of ‘‘subtracting by adding,”’ 
which in practice becomes too cumbersome, and tends to dis- 
appear, giving place to immediate association. The adding 
formula, however, tends to persist in subtraction as a means 
of verification. 

4. The older method of increasing the subtrahend appears 
to be superior to the present (more logical) method of decreas- 


ing the minuend, which is largely responsible for the difficul- 
ties of borrowing. (p. 24.) 


IV. DIVISION. 


Before the experiments in written short division, a series in 
simple dividing took place. Eight packs of eighteen cards each 
were used. Each pack contained all of the nine multiples of the 
digits, except 1, yielding a quotient 1 to 9, each multiple appear- 
ing twice. The subject divided through each pack, each time 
differently arranged, ten times. The divisor was announced 
just before the ‘‘ready’’ and ‘‘go’”’ signals. Other conditions 
were the same as already described in the foregoing experi- 
ments. The subjects were J., Bk., H. and C. 

Division is a derived process depending primarily upon mul- 
tiplication in much the same way and for the same reasons as 
subtraction depends upon addition. 

The original formule: as ‘‘6 into 34, 5 times, etc.,’’ ‘'18 
divided by 3 gives 6,’’ are only vaguely motorized as the work 
is performed, and apparently assist but feebly in the deriving 
of results, if at all. In C’s dividing (relatively immediate) the 
process still seems like a ‘‘reverse’’ process; and this was more 
pronounced in the other three subjects. Many instances of reach- 
ing the quotient digit by way of the multiplication formula 
occurred, as 6 ‘‘somethings’’ are 54 =a shadowy 9g, immedi- 
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ately verified by transposition into the verbalism, ‘‘six 9’s are 
54.’ This double formula represents apparently the primitive 
method. It is always the last but sure resort when the quo- 
tient digit fails to appear promptly. 

As with subtraction, this cumbersome double formula tends 
rapidly to be short circuited into immediate association. Even 
in the short practice of 1440 simple divisions, these traces, 
quite evident at the beginning, grew appreciably less. But un- 
like the addition formula in subtracting, the multiplication 
formula does not appear to be retained for purposes of verifica- 
tion. It would seem that addition, most characterized by un- 
certainty of the four simple processes, passes on its own un- 
certainty to subtraction. Although the subject almost always 
finds his result right after proving, he does not therefore rea- 
son, consciously or subconsciously, that the result as it appears 
is probably right and so rid himself of the verifying habit. 
The habit, on the contrary, tends to persist. The subject, in 
the most pronounced cases, seems to revel in the sense of the 
certainty, so largely lacking in its parent process, addition, 
which use of the adding verbalism imparts to the subtracting 
step. The certainty of simple multiplication, seems also to 
impart something of itself to simple division; and any sort of 
verification tends to fall away. ‘The character of the imme- 
diate association in division is quite different, therefore, from 
that in subtraction. 

Kinds of Errors. No errors involving digits not factors of 
the number divided were discovered. Any factor commonly 
used as a divisor of a given dividend is liable to appear as the 
quotient digit, or even the divisor itself may so appear. Three 
kinds of such errors were found: 

1. Errors making the divisor or some other factor of the 
dividend the quotient digit, as 24+8 giving a quotient 8 or 4. 
Numbers such as 24, 16, 12, containing more than two factors 
commonly used as divisors, were especially liable to this kind 
oferror. Such errors are insidious because the subject gen- 
erally passes over them with nosense of inaccuracy. Most of 
them were discovered by the subject when a number im- 
mediately following gave the same result, as 24 + 6= 3. fol- 
lowed by 18 + 6 also yielding 3; whereupon the subject remem- 
bers the previously motorized 3 with the vague recogniticen that 
the number which gave it was not 18. Even C. made errors 
of this kind. 

2. Another sort of error arose in dividing a digit by itself, 
as 5+ 5=5. 

3. When only a difference of 1 exists between the divisor 
and quotient digits, even if the divisor is normally present in 
the subconscious fringe, the subject frequently has difficulty 
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in selecting the required quotient. In 72+ 8—g, 8 and gare 
contiguous members in the counting series, and as one comes 
into consciousness it tends strongly, as earlier shown, to bring 
the other along with it, and this creates a sense of doubt as to 
which is really right. Cases of this kind are about the only 
instances of any tendency on the part of the subject to doubt 
the quotient digit as it appears. 

The phenomenon of running ahead of the motorizing of the 
results, as in simple multiplication, appearsin simple division 
also. But from the experience of the subjects a definite limit 
is evident about two recognitions in advance of the motorizing. 
If a third recognition occurs, the subconsciously following train 
of motor results is apt to be lost sight of. In such a case all 
becomes hazy, and the process stops. Having once gone two 
recognitions ahead of the motorizing series, any slowing of the 
recognition process is likely to result in a peculiar kind of con- 
fusion. The subject feels the subconscious motor series ap- 
proaching and that he must keep ahead of it. Such a momen- 
tum has arisen from the necessity of its keeping up with the 
recognition series that when the recognition series slows up, 
this acceleration in the motor series induces forced recognitions 
and any of the foregoing kinds of error may result, or, as more 
often happens, complete confusion may arise. Conversely the 
checking of the motor series imposes a check upon the recog- 
nition series, 


WRITTEN SHORT DIVISION. 


Subjects: T., Bk., H. and C. The method and examples used 
were the same as described in written multiplication except 
that the numbers were divided instead of being multiplied. 

As in the preceding cases of multiplying and simple divid- 
ing, it is essential to attend to the divisor before beginning the 
example. A feeling tone arises from the initial attention to 
the divisor corresponding to its size. Getting well started 
(Anregung) requires one or two repetitions of the division 
process. 

In dividing, the writing of the quotient digit occurs near 
the beginning of the division step. In multiplication and in 
subtraction the recording of the corresponding digits occurs 
near the end of the step. After the quotient figure appears 
(digit to be written), the subtraction is still to take place 
and the new dividend to be formed. This fact gives to division 
a very different character from that of the other two written 
processes. It greatly encourages automatic writing of the digit. 
The writing tends to go along as a parallel but separate series, 
requiring no attention. As the idea of the quotient digit 
arises into the focus of consciousness it is motorized, but 
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handed over directly to the writing mechanism, while the at- 
tention, thus freed, passes to the subtraction of the product from 
the dividend number. The figure is written slowly, its time 
being determined by the time required to complete the step. 

Although the double multiplication formula did not tend to 
persist in simple dividing, it became far more apparent in 
written division, especially in the more difficult cases where 
the dividend number is so far away from the multiple that it 
suggests it feebly, if at all. Let us take as a dividend 59, 
divisor, 8, multiple to be derived, 56, quotient-figure, 7. A 
vague multiplication formula appears as the subject attends to 
the 59 visually; as ‘‘something X 8 is something in the vicinity 
of 59.’’ After more or less hesitancy 56 appears as this last 
wanting term. The subject may now have further difficulty 
in dividing 56, in any of the ways pointed out in the last 
section, Deriving the multiple 56 and the quotient digit 7 are 
both accomplished in motor terms. 

If we work through a step or two of a section of an example 
the various phases may be more clearly illustrated. Let us 
take 6295 +8 

1. While the divisor 8 goes along, as a rule in the simple 
cases, as a very submerged part of the process, it is reinstated 
as often as the subject brings back the multiplication formula 
to determine the multiple and quotient digit. The subject 
has, let us say, already derived the first multiple 56, as just 
described, a process often characterized by the subjects as 
‘feeling or groping about for’’ the number required. The 7, 
obtained thus by a motor procedure, is now to be written 
automatically. The subject begins to write the digit as soon 
as the first faint idea of what it is to be arises, often starting to 
make a wrong digit, but subconsciously changing it to the 
right one without removing the pencil. The 7 is motorized as 
the idea of it becomes focal, but it drops entirely from con- 
sciousness normally as soon as derived, and the automatic 
writing of it takes place as a disconnected part of the pro- 
cess. 

2. On the instant of yielding the 7 (handed over directly to 
the automatic writing with the shortest and most incipient 
pulse of attention comporting with the degree of assurance) 
the strongly motor 56 is at the same instant being subtracted 
from the 62, directly seen and not motorized. In the subtrac- 
tion, however, the minuend 6 is disregarded and 5, following 
the law also of all tens in adding and subtracting, is very sub- 
merged. Avvisual 1 has appeared at the left of the 2, the 
visually imaged 1 and the perceptual 2 giving 12. Thus the 
subtraction takes place yielding a strongly motor 6. This 
6 is located below the 62. The writing of 7 is still slowly 
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progressing, its speed depending entirely on the time of the 
movement of the attention through the step. 

3. The motor 6 felt as below 62, is now felt to move upward 
and take its place beside the 9 as a visual 6, and the motor 
image having been translated into visual terms, now disap- 
pears.’ This visualized 6 and the 9 (directly seen) is the new 
dividend 69. The motor imagery, freed from the care of the 
6, now initiates the motor process involved in getting back to 
64, and from this 64 to 8, also motor, but at once handed over 
to the automatic writing. The same cycle is now to be re- 
peated for the next step, and so on to the end of the example. 

The motor parts of the dividing step were extremely pro- 
nounced for H., often to verifying of subtracted results by 
counting. Bk. represents an extreme type of the verifying 
habit. His quotients, often immediate, must be multiplied 
over again ‘‘to see if they are right,’’ and he usually finds 
that they are; but he keeps on verifying as if the reverse were 
true. Very often remainders appear immediately, but are not 
to be trusted until verified by adding. He often gets his re- 
mainders directly by adding, in which case they are verified 
by direct subtraction. When he gets his new dividend, if it 
is large, it is liable to look ‘‘too large,’’ which means that the 
whole step will be repeated ‘‘to see.’ The effect of this veri- 
fying habit upon the average time was marked. 

As in multiplication, Bk. writes the figure with a quick, 
forceful stroke, the writing following the assurance. This in- 
duces a further disadvantageous consequence in the breaking 
off of the process to write the figure, for the main part of the 
division step is yet to be performed. It is not only bad in 
itself for the reason that it works against immediate associa- 
tion; but it is unduly fatiguing because of the excess of motor 
imagery which the verifying involves; it lengthens the time 
and prevents automatic writing. When the thread of the 
process interrupted by the writing of the digit, is again taken 
up, the product to be subtracted has often disappeared, and 
this involves the necessity of reinstatement. H. began by 
writing the quotient digit in a similar manner, but before the 
end of the experiment changed his method unconsciously to 
that already described. 

Immediate Association. ‘The type of immediate association 
in subtracting appears to be a little different from that where 
the mere appearance of two digits becomes a cue for the 
writing of acertain figure. Beside, not being written the digit 


1 These subjects have never followed or been taught the method 
in short division of putting the remainder before the dividend figure 
for the new dividend. 
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is not an end in itself, as in actual subtraction, but a means. 
The point of view is that of deriving a digit for the ten of the 
new dividend. That is, it is immediate subtraction in the par- 
ticular division ‘‘set.’’ It partakes apparently of the kind of 
immediate association where attention to the multiple tends to 
produce in consciousness the quotient digit, the divisor being 
given. Let us take as an illustrative case, 6 from 11, repre- 
sented by the accompanying diagram, Fig, 5. Although simi- 
lar, the case is more complicated than attending to the multiple 
for deriving a desired quotient. There is, however, one com- 
pensating condition. In the case of the multiple, the given 
factor (the divisor) is extremely subconscious; in this case the 
digit is very close to the focus of consciousness, being motor- 
ized as the 11 is being attended to visually. As the 11 (the 
right hand digit being seen directly, the left digit visualized) 
is attended to, it tends to bring into consciousness some one of 
the digits with which it is associated as a sum. Moreover it 


Fig. 5. 

tends to bring one of the digits because a digit is wanted for 
the purpose of the new dividend. The 6 is already present 
in strong motor imagery; hence that digit will tend to appear 
which is the associate of 6 in producing 11; and 5 will appear 
all the more quickly because 5 and 6 are contiguous members 
in the counting series, though in descending order. Many 
cases were reported by all the subjects in which the digit for 
the new dividend seemed ‘‘to drop out’’ of its own accord from 
the given number and take its place at the left a little above 
the dividend digit of the new dividend. In such cases there 
is attention to the given visual number alone, with no special 
thought of subtraction, exactly as the multiple is attended to 
in simple division. A similar diagram (¢ James: Principles of 
Psychology, Vol. I, p. 586) might represent the type of imme- 
diate association in deriving the quotient digit. Errors in 
yielding other factors than the quotient digit are more liable 
in proportion as the presence of the divisor in the subconscious 
fringe is weak. 

Relation of Dividend Number to Difficulty in Dividing. In 
multiplying, the larger multiplers seemed to increase the diffi- 
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culty proportionally. This was not on account of the multi- 
plying in itself, but because of the increased possibilities of car- 
rying and adding. In division a similar relation seems to hold, 
but not because of the increased possibilities of the size of the 
digit to be subtracted, although this fact is not without influ- 
ence. The chief increase of difficulty, arises from the corres- 
ponding increase of possible distance in the number scale be- 
tween the dividend and the next lower exact multiple. The 
reported cases and general introspective evidence of all the 
subjects seem to warrant the following general statement : 

1. The most difficult cases of deriving a multiple occur 
when the dividend-number falls just under the next multiple 
above; as 61, divisor 7. 63 is strongly suggested, but 63 is 
not wanted; 56 is the desired multiple. It was the opinion of 
the subjects that the attempt to get back directly to the 56, 
was the cause of what they felt to be the worst feature of divi- 
sion, ‘‘the feeling, or groping, for’’ part of the process. The 
strong and natural associative bond in the direction of 63, 
works directly against the attempt of the subject to get back 
by achance hit to 56. Persisting in the point of view estab- 
lished both by education and practice, the subject can only 
flounder about vaguely for the desired multiple. If, as some- 
times happens, he takes up as a last resort, with the natu- 
ral line of association, going to 63, thus setting aside for the 
moment the dominating point of view, the finding of the mul- 
tiple becomes comparatively easy, though somewhat round- 
about. At least it is little harder than the method (multipli- 
cation) in which many of the quotients are actually derived; as 
seven g’s are 63, but one less is wanted, hence seven 8’s, etc. 
At least there is a pedagogic advantage in this procedure, in 
that it works in the line of the natural associations. 

2. The easiest cases occur when the dividend-number falls 
just over the desired multiple. Being thus so much farther re- 
moved from the multiple above, and nearer the one below, the 
dividend number tends to suggest the latter. 

3. A region of associative dead-lock appears to occur with 
the larger divisors somewhere in the middle region between the 
two multiples. These cases are not so difficult as the first class 
because associative tendencies, up and down, neutralize each 
other. ‘This difficulty, of course, disappears proportionally as 
the divisors become smaller, because the possibilities are al- 
ways I less than the divisor used. 

In these cases of increase in difficulty with increase in the 
size of the divisor (and similarly in multiplying, with increase 
in size of the multiplier), another factor is operative. It is 
allied to discrimination and choice in reaction experiments. 
Such experiments show that as the possibilities increase the 
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time of reaction is lengthened. Most in point for our special 
problem is the study of Vintschgau’ upon the times required 
in multiplication. His subjects reacted by giving the products, 
one of the two factors being given them in advance. As the 
smaller of the two factors was always announced first the sub- 
ject hearing ‘‘nine’’ had but one possibility 9X9. If 2 was 
first announced, the range of possibilities varied from 2 to 9. 
The tables were run through in this way, and it was found 
that, in general, the length of time increased as the number of 
possibilities increased, 9X9 giving the shortest time. 


Summary. 


1. Division is a derived process based upon multiplication. 
Unlike subtraction, which still continues to be largely influ- 
enced by the point of view of addition, division tends to free 
itself from the point of view of multiplication and to develop 
a type of immediate association. It does not revert for verifi- 
cation to the multiplication formula, in a degree approaching 
the tendency in subtraction to,revert to addition. While sub- 
traction is a verifying and proving process par excellence, divi- 
sion is a process of immediate association. 

2. The writing of the quotient figure occurs at the begin- 
ning of the division step, and this not only favors automatic 
writing of the digit, but practically necessitates it. 

3. In written short division the step comprises three stages 
(pp. 33 f.). 

4. The difficulty of the process as a whole increases propor- 
tionally with the size of the divisor, because of the increased 
range of possibilities as to the dividend numbers falling above 
the multiple (p. 35). 


In the preceding sections I have considered chiefly the more 
fundamental aspects upon which there was practical unanimity 
in the experience of the subjects, or marked disagreement. 
The various experiments are of such a character as to be easily 
repeated. Any one wishing to put the foregoing inferences to 
a practical test, should have little difficulty in ascertaining to 
what extent these phases are present in his own experience 
and that of others. 


1Phliiger’s Archiv, Vol. XXXVII, pp. 127-202. 
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Introduction. 'The present work was undertaken in order to 
gather material for the solution of the problem: to what part 
or parts of the nervous system may we refer the increased and 
the decreased psychomotor activity usually found in depressed- 
maniacal insanity. 

The earlier psychiatrists considered as separate disease enti- 
ties abnormal emotional depressions and exaltations, under the 
names of melancholia and mania, and the condition in which 
there is a more or less regular alternation of the exaltation and 
the depression, called circular insanity. The last state was 
deemed very peculiar, but until the time of Kraepelin it seemed 
not to have been closely associated with either of the two other 
conditions. To Kraepelin is due the credit for having shown 
that circular insanity, mania and melancholia (in its simple 
form) are interrelated and belong to one group which he termed 
Manisch-depressive Irresein.' Hoch has well summed up the 
main points of the present conceptions (according to the Krae- 
pelinian school) of the combination of mania, melancholia and 
the older circular insanity;? a tendency to recurrence, the ab- 
sence of mental deterioration, psychomotor excitability or re- 


1This name has been variously translated, the most common being 
‘‘manic-depressive insanity.’’ See Hoch’s article in Wood’s Hand- 
book of the Medical Sciences, Vol. V, ‘‘Manic Depressive Insanity,’’ 
Paton’s recent book: Psychiatry, and de Fursac, Manual of Psychi- 
atry, Trans. by Rosanoff. This designation is a transliteration of the 
German, regardless of English meaning and spelling; the word manic 
is not given in the Century Dictionary and the word depressive means 
“able or tending to depress.’’ It is not the insanity which is depres- 
sive but the depression is the “insanity.”’ 

20p cit. 
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tardation, emotional exhilaration or depression, and difficulty 
or (apparent) ease in thinking. These alternative symptoms 
may be variously combined in individual cases, the most usual, 
however, being the combinations of (a) exhilaration+-excita- 
bility+flight of ideas and (b) depression-+retardation+-diffi- 
culty in thinking. Inthe excited phase ofthis condition the 
emotional tone is exalted. There is a feeling of bien aise, of ex- 
pansiveness, of great ability, and of self-satisfaction. There is 
more or less motor excitement and a seeming rapidity of asso- 
ciations, with flight of ideas. The associations are usually 
superficial and sound associations. The attention is very un- 
stable. In the depressed phase there is a lowering of emotional 
tone, and a feeling of ma/aise, of hopelessness, perhaps of fear, 
and there may be suicidal tendencies and attempts. There is 
often a profound motor disturbance in which the reactions 
—using that word in its widest sense—are slowed, and an ap- 
pearance of decrease in associative ability; in other words a 
retardation. Any of these symptoms, but of course not oppo- 
sites, may be present to a mild. or to a most marked degree. 

The differences in motor activity of this class of the insane 
have been studied to some extent’ but so far as I am aware 
there is no published account of work such as is here attempted. 
At the present writing there is available only an incomplete 
skeleton of the work necessary for a full understanding of these 
motor conditions. The present article is, however, complete 
in itself and is to be considered as part of the general plan. 

Clinical Histories of the Subjects. Six subjects were chiefly 
used in the research, two normal, two depressed (retarded), 
and two exhilarated (excited), as follows: 

Normal subjects. F., the writer, upon whom the whole 
series could not be made, was used as one normal subject. The 
other normal subject was B., a business man, age 49 at the 
time the experiments were being made, had been a patient at 
the hospital for about seven years. During the course of the 
experiments B. was considered ‘recovered,’ and had been prac- 
tically so for about a year. He was admitted* to the hospital 
Oct. 22, 1897. He had previously indulged quite freely in 
alcoholic liquors, but for over a year had very little alcohol. 
For ten months before admission the patient had appeared not 


1Especially reaction times: W. Bevan Lewis, 7extbook of Mental 
Diseases, 2a edit., London, 1899, pp. 164, 364 and 365. Richet: Dic- 
tionnaire de Physiologie, Article Cerveau, Vol. III, p. 29. v. Tschisch: 
Neurol. Centralblatt, 1885, IV, p. 217. G. Lefmann: Psychol. Arbeiten, 
1904, IV, 603-668. On fatigue: Hoch, Journ. of Nervous and Mental 
Diseases, 1904, XXVIII, 620-628. 

2 The ciinical accounts have been copied from the hospital records. 
The notes were made chiefly by Drs. A. Hoch, Steele, Roberts and 
Hamilton. 
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so well, had become absent-minded, depressed, and later more 
inactive. On entrance he spoke slowly in a monotonous tone, 
expression immobile, rather blank, yet said he worried about 
everything. He was not clear as to where he was, and in the 
afternoon did not remember the physician whom he had seen 
for a short time on entrance (morning). Later he was oriented 
as to time, place and persons, did not occupy himself, did not 
speak spontaneously, but answered calculation questions, even 
difficult ones, very promptly, but questions regarding his con- 
dition were answered by ‘‘I don’t know.’’ There was no 
memory difficulty. In four months he became a little more 
spontaneous, and his sentences were a little longer when he 
talked. In the gymmastic class he was reported to make his 
movements promptly and well. For four years he remained 
practically stationary, answering slowly, doing little, but when 
made to do things, as in the gymnasium class, doing them 
promptly and well. ‘‘It is the fact that with a sufficient ex- 
ternal stimulus the patient can act promptly while it seems 
that if he has to supply the stimulus himself there is so little 
activity that it makes his general condition appear rather the 
outcome of an apathy than of a retardation.’’ In June, 1903, 
it was noted that ‘‘there has been a slow, gradual gain which 
from day to day or week to week, or even month to month has 
been imperceptible, but which on looking back has amounted 
to a very great transformation. The man shows now in regard 
to conversation and in regard to occupying himself with every- 
thing that is possible in the hospital a very decided sponta- 
neity. He shows, moreover, good judgment in his conversation. 
He is one of the best billiard, tennis and whist players and is 
occupied all the time.’’ He did not ask to be allowed to go 
home, did not think he could attend to his business, but when 
questioned in regard to his condition the old reply ‘‘I don’t 
know’’ was sometimes given. During the following summer 
the patient was occupied most of the time playing golf, tennis, 
etc. There was a gradual improvement, although when any- 
thing out of the ordinary arose he was inclined to hesitate a 
little. During the succeeding year there was a gradual recov- 
ery and at the time of the laboratory experiments he was prac- 
tically well, although disinclined to take up business. The 
patient was discharged May 29, 1905. 

Retarded subjects. Ed., a hotel clerk, age 21, was admitted 
to the hospital May 8, 1904, greatly depressed and retarded. 
For some years previous to his attack of melancholia he had 
been troubled greatly with dyspepsia, and he had always been 
inclined to worry about his business and other affairs. In 
March, 1904, the patient could not attend to his work, gave up 
his position, and was greatly worried about himself. He would 
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say, as an example of his depressive ideas, ‘‘I am no good.”’ 
When taken to drive he feared lest the horse was not strong 
enough to pull him, etc. At this time the patient was taken 
to his father’s office and performed what little things were 
asked of him, ¢. g., writing down orders and answering the 
telephone, but there was no spontaneity. Gradually he be- 
came slower in his movements, but in the beginning of May 
was restless and once made an attempt at suicide by drowning. 
After this he was even less active, refused food, and was untidy 
if not closely watched. He expressed the ideas that he was 
turning to stone, that his throat had been cut, that his feet had 
been taken off, that he had no tongue, and that his neck was 
broken. After his entrance to the hospital he remained in bed, 
lying perfectly quiet, seldom moving any part of his body. 
Upon repeated requests he did not show his tongue, although 
it was seen to move slightly in his mouth, which was partly 
open. There was no reaction to pin pricks. He was tube-fed. 
When requested he could be made to walk slowly to a chair 
and to sit down, but all movements made at command were 
done very slowly and often incompletely. It was impossible to 
get the patient to answer any questions. On most occasions 
he had to be moved by the nurses from place to place. On one 
or two occasions he was heard to say ‘‘What have I done?’ 
‘‘Where am I?’’ About three weeks later the patient obeyed 
simple commands such as ‘Get out of bed,’ ‘Sit in the chair,’ 
but all his movements were made slowly, and with a consid- 
erable interval between the command and the beginning of the 
movement. Common answers to questions, sometimes given 
quite promptly, were ‘‘No,’’ ‘‘I don’t know.’’ He knew his 
name and age, and related part of his previous history slowly 
but well, but he did not know where he was, how he came to 
the hospital, or how long he had been here. He did not re- 
member the physician although he had been tube-fed by him 
for twenty-three days, three times a day. A few days later he 
could not be made to give the date, place, etc., and answered 
to all questions ‘‘I don’t know.’’ At this time he was heard 
to remark, ‘‘I have no eyes, no arms, no legs.’’ Three weeks 
later he knew the names of the nurses and of many of the 
patients on the ward, and not infrequently made remarks about 
the latter. His time was entirely unoccupied, and was spent 
walking slowly about the hall or in the yard, or sitting or lying 
about the hall or in his room. On June 2, he ate well three 
meals and from that time did not have to be tube-fed. Simple 
questions were now answered readily, but questions the answers 
to which required the least thought either received no response 
or ‘‘I don’t know.’’ July 30, there was considerable improve- 
ment over his previous condition. Occasionally, especially 
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towards evening, he walked about better, and talked more 
freely to the nurses and physicians. At times, however, all 
one could get from him was ‘‘I am suffering more than any 
one else in the world,’’ or ‘‘I am all twisted,’’ etc. On general 
subjects he often answered well but slowly, but so soon as his 
condition was touched upon, he would not answer. He was at 
this time perfectly clear regarding his surroundings, oriented 
as to time and place, and knew the people about ‘him. On 
August 24th, when the series of experiments were begun, the 
patient was in the condition just described. He answered 
slowly and in whispers and it took considerable persuasion and 
often commanding to get him to start upon the work. A 
month later, September 26, it was noted that there had been a 
steady improvement in the patient’s condition. He took part 
in games, and made a fairly natural general impression. He 
played pool and billiards well. For about three weeks he had 
not talked so much of being ‘‘abused’’ and of being ‘‘the sick- 
est man in the world,’’ and these ideas had been gradually 
disappearing. The period of his convalescence seemed to be 
very short; he seemed to get well by leaps and bounds. The 
experiments were continued from August 24 until his discharge 
‘‘recovered’’ Nov. 9, 1904. 

Ev., the other retarded subject, was at the time of the ex- 
periments 65 years old. He was a business man, admitted to 
the hospital Oct. 15, 1903. In temperament he was inclined 
to be optimistic. He was social and entertaining, but rather 
easily irritated. Previous to his present illness he had had six 
attacks of depression. All of these had been rather typical, 
showing depression, a feeling of inadequacy, and some retarda- 
tion. These attacks came respectively at the following ages: 
22, 30, 37, 44, 51, and 58. The later ones lasted about six 
months, and the course was very similar in all. Each started 
with a depression, and a gradual quieting and inactivity. 
Then he took little interest in things about him, was depressed 
about everything, thinking that his business was ‘going to the 
bad’ and that his family would be ruined. At these times there 
was considerable self-reproach, etc. He always spoke in a low 
tone and answered slowly. The attacks usually wore off quite 
gradually, with an improvement in his physical condition and 
a relief from his insomnia, and he returned to his ‘natural opti- 
mistic self.’ During the past five years the patient had been 
under a mental strain because of business difficulties. The 
present illness began in December, 1902. He began to be de- 
pressed and to sleep poorly, but kept at his business until 
February, 1903, when the firm failed. He was ‘completely 
exhausted’ by the failure and remained in bed for a week dur- 
ing which time his condition was as follows: quiet, felt unable 
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to do things, had considerable self-reproach, took little interest 
in things about him, complained of feeling exhausted and 
weak. Then he became restless and agitated and would not 
eat. He was sent to an insane hospital in a neighboring city, 
his restlessness disappeared and gave place to a retardation. 
He remained quiet for the most of the time, sat in one place, 
and had to be urged to do things. He was mentally clear, 
and well oriented. On entrance to McLean Hospital, October, 
1903, the patient answered questions very slowly—five to eight 
seconds—looked quite depressed, obeyed commands slowly, 
walked quite hesitatingly, protruded the tongue barely beyond 
the lips. He sat about unoccupied, without any spontaneous 
talk, almost with no movement. He showed, in fact, a very 
typical psychomotor reiardation. He is senile physically, but 
not mentally. The condition of the patient remained stable. 
He was always quiet, saying and doing nothing except an oc- 
casional mumbled answer in a tone so low as to be scarcely 
audible. His time was occupied in standing quietly or sitting 
in one place, occasionally looking around him. He occasion- 
ally answered questions briefly, slowly, and in a very low tone. 
When told to go to the dining room he went very slowly, but 
was able to find his own seat. He ate in a normal manner, 
using knife, fork and spoon properly, and at the proper times. 
At night he would not undress himself, and in the morning 
would not get up until taken out of bed by the nurse. He ate 
and slept well. During the next few months the patient grad- 
ually improved in that he took more notice of things about 
him, moved a little more quickly, and more often. He looked 
after his wants better, and was a little more independent, e. g., 
he would go to the dining room when the bell was rung. 
From that time the condition remained almost stable. He sat 
about the ward, always unoccupied, very depressed, never 
talked to any one except to answer questions. He was dis- 
tinctly retarded except in the matter of eating, which he did 
as rapidly as any one. He dressed and undressed himself 
slowly. He was perfectly oriented as to time and place, and 
knew the people about him. There seemed to be no memory 
defect and no thinking disorder. The following is a note made 
August 29, 1905: ‘‘Very little change has been noted in the 
patient’s condition. He is always seen sitting dejected and 
inactive in the sitting room, and if asked to shake hands he 
extends his right hand very slowly forward. In answering a 
question he hesitates for some time, and finally whispers out 
areply. This observation applies to his conduct on the ward, 
where his retardation is marked. About two weeks ago he 
was taken to the laboratary for four days to be put through a 
number of tests. One of these tests required him to read 


44 FRANZ: 


aloud, which he did quite audibly on the third day. 

Other tests were responded to in such a manner as to indicate 
that he not only understood all that was said to him, but that 
he could do various things calling for a considerable exercise 
of his power of attention, recognition and discrimination. 
Once an experiment was explained to him, he co-operated in- 
telligently, and although with considerable retardation, quite 
accurately. . . . His memory is good, as is also his ori- 
entation as to time and place. Depressive ideas remain, as for 
example, his usual answer to questions concerning his health: 
‘‘No better—I shall never be any better.’’ (Hamilton.) This 
patient took part in the experiments reported in this paper 
from August to December, 1904, and again in August, 1905. 
He was discharged to go to another hospital Oct. 8, 1905, in 
the condition that had been characteristic of him for the past 
year. 

Excited Subjects. C., age 48, a mechanic, of fair education, 
with a fourth attack of insanity, was admitted as a patient to 
the hospital August 2, 1904. The first attack (March 8 to 
May 21, 1901) was a depression. The patient had been a 
heavy drinker and six years before entrance, in 1go1, he had 
taken the Keeley cure. After that he did not drink until a 
short time before his admission. In the previous summer C. 
was very irritable and inclined to worry over small matters. 
Then he lost interest in his work. Four months before admis- 
sion he stopped work, and thought his friends were against 
him, avoided them, became morose and remained at home. 
His memory at that time was not good, he slept poorly, but 
there was no marked depression. When admitted (March, 
1901) the patient said that he stopped work because he could 
not attend to it and ‘‘got balled up.’’ He had difficulty in 
thinking. Multiplications that required much thinking were 
difficult and almost impossible. He said spontaneously that 
his memory was poor and objectively it was shown to be so. 
Things which he knew well, ¢. g., when he came to the hos- 
pital, when he last saw the physican, etc., took him a long 
time to think out. He worried because he could not do his 
work. During the succeeding two and one-half months he im- 
proved rapidly, felt able to take up his work again, and said 
that his memory was good again. His second attack was an ex- 
citement (December 4, 1901, to March 18, 1902). After leav- 
ing the hospital in May he began to work, bought another 
business, worked hard, and showed good judgment in his 
affairs. In November he became exhilarated, and talkative, 
but not unduly expansive in his ideas. He also showed a cer- 
tain forgetfulness. During his stay at the hospital he was 
decidedly euphoric and exhilarated. He showed a great deal 
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of over-activity. He talked much, decorated his room, and 
showed a distinct flight of ideas. Everything was said to be 
‘‘fine;’’ the hospital ‘‘the finest place in the world,’’ etc. He 
showed no memory defect at that time, but on the contrary 
had a good grasp on details of both present and past events. 
He gradually quieted down and became more normal and was 
discharged ‘‘much improved.’’ For four months the patient 
worked well, but was a trifle irritable from time to time, and 
in the summer became quite tired. About three months before 
his third admission he began to have difficulty in applying him- 
self to his work, and drank heavily. Afterwards he could not 
do his work, became seclusive and slept poorly. Readmitted 
in December, 1902, he was depressed until May, 1903 (third 
attack). In this attack he was more depressed than he had 
been in 1901. He said he was ‘done for,’ would never amount 
to anything, others did not want him around, etc. In church 
he felt that the clergyman was talking at him because he talked 
of vices, and he asked if he should not get up and confess. He 
was unoccupied, complained of feeling dull in his head, heavy, 
and said his mind was weak and that he could not remember 
things. He said very little. Objectively his memory was not 
found to be particularly poor, he was oriented.in regard to the 
place and time, and he knew the names of those with whom 
he came in contact. His calculation ability was poor, and he 
said it was difficult for him. He improved during the five 
months of his stay and was discharged in May, 1903. 
Later he became abnormally irritable and excited and returned 
to the hospital August 2, 1904. During the interval of over 
a year he drank frequently and at these times neglected his 
business. At such times he talked alternately, religiously and 
profanely. During the six weeks previous to his re-entrance 
to the hospital he was more talkative, sometimes abusive, and 
he took no rest and went to meals irregularly. During this 
period he was arrested twice for acting peculiarly. His man- 
ner at the hospital was a jolly one, and his talk showed a 
‘flight.’’ He remained exhilarated as evidenced by his gen- 
eral activity in sports and in his movements and talk. He was 
apt to become irritable at the slightest provocation. This was 
his condition during the experiments. In May, 1905, it was 
noted that he had become a little quieter, but that he made the 
impression of still being mildly exhilarated. July 29, 1905, the 
patient was discharged. He had become less exhilarated, but 
remained active. His conversation was clear and not particu- 
larly expansive. Throughout the last attack the patient did 
not seem to realize that his condition was abnormal. The diag- 
nosis that was made was ‘‘Manic-depressive insanity, circular 
form.’’ Fora time, and particularly during the first two at- 
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tacks, there was considerable doubt about the diagnosis. At 
first he was considered a case of ‘‘General paralysis.’’ This 
was due largely to the presence of certain physical signs, e. g., 
no pupillary reaction to light, but good reaction to accommo- 
dation. Later the tendo Achillis reflex was noted to be absent, 
but there were no speech defects, no tremors, no gait disturb- 
ances, and the other reflexes were found to be normal. In 
view of the facts that there is no noticeable dementia, and that 
there is a regular alternation of the depressions and excite- 
ments, it seems most probable that the man is not a case of 
paresis. If, however, it happens that he is found to be paretic, 
the results of the experiments would not be affected, because 
at the time the tests were made he was undoubtedly in an ex- 
cited, maniacal condition without dementia. The pupillary 
disturbance, I think is the result of the man’s occupation. He 
has to look alternately at bright lights and to dark objects, and 
this would tend to reduce, perhaps abolish, the light reflex. 

P., was a bright business man, age 48 at the time of his ad- 
mission to the hospital, May 29, 1904. At this time he was 
greatly excited and exhilarated, and remained under hospital 
care until December 5, 1904, when he was discharged on a visit 
home. A month later he was brought back to the hospital 
very depressed, after a suicidal attempt. He is now in the hos- 
pital (November, 1905). The course of his disease is a typical 
mania-melancholia, the mantsch-depressive [rresein of Kraepelin. 
Three years previous to the present attack P. had bought a 
business on a friend’s advice and when he found later that it 
was much worse than any one could have expected, he became 
melancholy. This abnormal depression was, however, only ot 
a short duration, a couple of weeks. Four weeks before en- 
trance to the hospital P. again became ‘worked up’ over his 
business, but this time the insanity took on the excited form. 
Much extra work had been thrown upon him in the ,business 
in which he was engaged, and, in addition, he was fecupied 
with the affairs of another concern that he was purchasing. 
He took a trip to New York in connection with the new busi- 
ness, and there was very erratic. For example, it is said that 
he bought 500 pocket knives and distributed them among the 
street gamins. Returning to Massachusetts he wrecked the 
furnishings in a Pullman coach, was arrested and finally 
brought here. On entrance he was talkative. excitable, med- 
dled with everything. He seemed to be perfectly clear in re- 
gard to his surroundings. He was expansive, euphoric, and 
quite convinced of his own power and excellency. There was, 
however, no absurdity in his expansiveness or in his general 
behavior. He showed insight into his condition, realized that 
he was excited and irritable, but wanted to go to a summer 
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resort for rest rather than remain in the hospital. There was 
a marked flight of ideas. He knew the other patients were in- 
sane, knew the names of the people, and was oriented as to 
place and time. He remained in that condition for about five 
weeks. Then he became more excited, would not keep his 
clothes on, was violent when an attempt was made to restrain 
him. In this state he talked of religious matters and sang very 
often. He believed that he saw worlds made, and that he lived 
in another world, although he appeared to be perfectly clear in 
regard to his surroundings, and only once did he not recognize 
people. After a week of this violent excitement, he became 
calmer although still much exhilarated. His talk was volu- 
minous and he did not occupy himself beyond writing letters 
about his business ventures and erotic epistles, all comparable 
to his talk. About the middle of September the patient showed 
signs of improvement. He tended to keep to his room more 
and not to meddle with things, although he was still exhila- 
rated. He began to have some insight into his condition, ex- 
plaining it as ‘‘brain fever.’’ Later he ceased his continuous 
talking, although he would chatter so long as any one would 
ask him an occasional question. He gave up writing letters, 
and read much with enjoyment. Four or five weeks later he 
was not so active but remained exhilarated. His talk, how- 
ever, was more hopeful than his financial affairs warranted. It 
was in this condition that he first came to the laboratory, and 
the experiments continued until he was discharged in Decem- 
ber. In the meantime, he gradually became more natural in 
actions and talk, and his excitement was noticed only in a 
great activity in his games and amusements. As has been 
said, a month later he returned to the hospital depressed and 
retarded. 


During the time of the experiments, therefore, B. and F. 
were normal subjects, Ed. and Ev. were greatly depressed and 
retarded, and C. and P. were mildly excited and expansive. 
The four last cases, possibly with the exception of Ev., showed 
a considerable improvement during the course of the experi- 
ments both in the laboratory and on the ward. Ev. improved 
greatly in rapidity in the laboratory, as will be shown later, 
and he talked more freely and louder, but on the ward there 
was no appreciable improvement. At no time did any of the 
subjects show any difficulty in thinking and there was in none 
of them any appreciable (by tests) memory or attention dis- 
order. 

All the subjects seemed willing to take part in the experi- 
ments; some of them were anxious to show how well they could 
do. The experiments also gave them a change of scene and 
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occupation, which was probably an agreeable change to them 
from the monotony of their ordinary life. The results, there- 
fore, are as trustworthy, it seems to me, as could be expected 
with normal people of the same grade of intelligence. 

The series was continued in some cases for a period of fifteen 
weeks with intervals, but some of the patients were not used 
for more than half that time. The results from all the subjects 
are comparable if we take the results in serial weeks as will be 
done. The degree of retardation in Ev. and Ed. differed, but 
so far as the general problem is concerned, this variation is not 
of great importance. C. and P. at the time of the experiments 
did not greatly differ in the degree of exhilaration, but if there 
was a difference, P. was probably the more excitable. 

Description of Experiments. All the work to be reported in 
the present paper deals with the time of certain mental proces- 
ses. A number of other experiments were made on accuracy, 
memory, judgment, and apprehension, but these will not be 
published at this time. The object of the time tests was to 
determine the amount of slowing in the cases of retardation, 
and any marked increase in ability in the exhilarated patients 
who were convinced of their own excellency. 

The following seven kinds of experiments were made: 

The time of rapid tapping. 

The time of the simple reaction to sound. 

The time of choice reactions to sounds. 

The rapidity of reading. 

The time of discriminating and marking out letters. 

The time of adding. 

. The time of discriminating and distributing colored 
cards. 

In addition to these tests a few other time measurements 
were made and these fewer and less systematic experiments 
will be mentioned incidentally in the text. It should be noted 
that most of the tests were made as simple as was consistent 
with accuracy, in order that the same kinds of experiments 
might be performed later on the wards with other patients, who 
could not conveniently be brought to the laboratory, or who 
might become unduly excited in a strange situation. With 
the exception of the reaction time experiments, the tests were 
of such a character that the patients were tolerably familiar 
with the materials and methods that were employed. 

The results have been grouped by weeks, and the average 
weekly averages are given in the following tables unless other- 
wise designated. From these averages the average variations 
were calculated and these are also given in the tables. The 
number of experiments in one week varied with the character 
of the test. In such tests as rapid reading, tapping time, etc., 
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usually five determinations were made each week, but in the 
reaction time experiments from ten to one hundred were made 
each day. The numbers of experiments of each kind are noted 
in the appropriate tables. The arbitrary weekly division of 
the results was made in order to determine the practice effect. 

A. The method for determining maximum rapidity of tap- 
ping was as follows: A sheet of paper, 8 x 10 inches, was 
placed before the subject, a pencil was given to him, and he 
was instructed (and shown) to tap progressively in lines back 
and forth on the paper at his maximum speed. The signals 
for starting and stopping were explained to him, and the ex- 
perimenter watched the tapping of the subject to see that the 
beginning and end of the process coincided with the signals. 
The tapping movement was made by the forearm, although no 
insistence was made on this point. Most of the subjects re- 
mained seated at the table for the experiment, but one (C.) 
said it was much easier for him to stand up to tap. Thirty 
seconds was chosen as a convenient time in which the subject 
had an opportunity of warming up and of attaining his maxi- 
mum speed, and it seemed not’ sufficiently long to show any 
plain evidences of fatigue. In this method there is a possibility 
of a constant error of plus one tap, but probably not more, and 
this constant error was probably the same in all the subjects. 
The number of taps in the thirty seconds was counted, and 
the time for making one tap was found by dividing the total 
time by the number of dots on the paper. The differentiation 
of the parts of the tapping process, 7. e., the holding down, the 
holding up, etc., could not be calculated from the records. 
Such details were considered unnecessary in this work. Usu- 
ally only one experiment of this character was made each day. 

B. The time of simple reaction to sound was determined 
by means of a Hipp chronoscope. The patient was instructed 
to hold down the electric key, and to release it so soon as the 
sound was heard. The stimulus was produced by an electric 
telegraph sounder, and was a clear, sharp, rather loud sound. 
Two or three days’ practice in reacting to the sound was given 
to each subject before any time measurements were made. 
This was done to familiarize the subject with the apparatus 
and to get rid of any possible fear of electricity, etc., that 
might have been present at the beginning. None of the pa- 
tients showed, however, the least sign of fright, and all re- 
ported that they had none. In each day’s series about half a 
dozen practice reactions were made before the time measure- 
ments were taken. All the subjects were right-handed, and 
only the right hand was used in these experiments. The 
chronoscope was controlled frequently by a fall hammer. In 
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the calculation of the records the weekly averages and the 
average variations were determined. 

Experiments on the reaction to light and tactile stimuli are 
planned to supplement the present ones on sound, and reac- 
tions with the lips as well as with the hand. For a solution 
of the general problem, 7. ¢., the localization in the nervous 
system of the retardation and excitation processes such experi- 
ments will probably be necessary. 

C. The sound apparatus used in the experiments on simple 
reactions was employed in the choice reaction tests to give a 
loud sound (same intensity as in simple reactions), and for the 
less intense sound a telegraph key was hit gently. The in- 
tensity and quality of the low sound differed from the other 
sound, and the intensity probably also varied in the different 
experiments. The right hand reacted to the sound for the 
telegraph sounder, as in the simple reactions, and the left re- 
acted to the sound from the telegraph key. The reactions with 
the right hand were used for comparison with the times of the 
simple reactions. Only these right hand reactions were timed, 
but the subjects did not know that the left hand reactions were 
not being taken. This procedure, z. ¢., considering only the 
right hand reactions, was necessary in order to make the results 
comparable with the results for the simple reactions. 

D. The time necessary to read aloud one word was found 
from a rapid reading of a page of printed matter from three 
hundred sixty to four hundred words in length. The subjects 
were given the page of printing and instructed to read aloud at 
a maximum speed to the end of the page. The total time 
divided by the number of words gave the average time for 
reading one word. The matter which was read was unfamiliar 
to all the subjects. The words, however, were neither peculiar 
nor difficult. The type was 1o-point, single leaded. In ex- 
periments such as these the time will vary greatly with the 
individual, since education and previous practice play great 
parts in the ease of reading. The patients who were used, 
however, did not vary very much in their average of intelli- 
gence, and possibly not much in their reading practice. It is 
possible that C. was least intelligent and the least read of all 
the patients and Ev. the most intelligent and most widely read. 
These are the impressions the writer got from careful observa- 
tion of the subjects, but it is extremely difficult, almost impos- 
sible, as all know, to make any accurate estimate. 

E. One hundred E’s in a number of words with an average 
total of 850 letters were to be discriminated and crossed out as 
rapidly as possible. The subjects were not informed how many 
letters there were to be crossed out, but only to do the work 
accurately and rapidly. This experiment, but with 100 A’s in 
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a total of 500 letters, was used in the tests of the Columbia 
College students." The time for the total task was taken by a 
stop watch. The number of omissions was noted. The pro- 
posed method of calculating the results by lengthening the 
time proportionately to the number of omitted letters was 
tried, but was given up. The total time in any one experi- 
ment is the sum of the time for discriminating the 850 letters, 
and the time for marking the 100 E’s. In the tables both the 
total time and the number of omissions are given. This test 
was very unsatisfactory, owing to the two factors of variability, 
time, and accuracy. With some subjects the accuracy did not 
greatly vary, and with others the time was fairly constant. 

F. The time of adding was obtained from a series of twenty 
problems. Each problem consisted of two five-digit figures, 

43678 

one placed over the other, ¢. g., 34924. I had prepared twenty- 
eight different sheets, each with twenty problems, and each 
problem differing from the others. These sheets were used in 
regular order for each of the subjects. The time interval be- 
tween the first and second use of any particular sheet was so 
long that there could be no memory of the particular problem. 
The results of the additions were written by the subjects below 
the problems, and a check could then be made on the accuracy. 
The total time, from the start until the last figure in the sum 
of the twentieth problem was written, was noted. In some 
cases, particularly Ev. and, at first, Ed., there was considerable 
hesitation between the problems, and these two subjects had at 
first to be ‘prodded’ to proceed to the next problem. There 
was, accordingly, considerable lost time, and this also was 
noted. If this lost time is subtracted from the total time we 
can find the actual time for the addition and the writing of the 
answers. In the tables in which these results are found there 
will be noted the designations, ‘total time’ and ‘actual time.’ 
These results are to be understood as explained above. No 
determinations of the ‘actual time’ could be made on the writer. 

The time lost between the problems could be determined 
only approximately; the error may be as much as one half 
second, but probably there were sufficient plus and minus vari- 
ations in the individual estimations of the nineteen intervals to 
counterbalance to some extent. 

F. The discrimination and marking of the E’s proved in so 
many ways a difficult test to interpret that a few weeks after 


1 See Cattell and Farrand: Physical and Mental measurements of 
the Students of Columbia University, Psychol. Review (1896), III; and 
Wissler: The Correlation of Mental and Physical Tests, Psychol. Re- 
view Monograph Suppl., No. 16, 1901, pp. 62. 
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the beginning of the series on Ed., Ev., and F. I introduced 
the additional experiment of discrimination and distribution of 
colored cards. Ten cards each of a different color were placed 
in a semicircle on the table in front of the subject, and he was 
given a pack of one hundred colored cards, ten cards of each 
of the colors represented on the table. He was instructed to 
distribute the cards as rapidly as possible, and to place the 
cards of one color in the appropriate place. The cards were so 
shuffled that no two cards of the same color came together in 
the pack. Each card was three inches square. The colors I 
used were: white, light pink, pink, red, yellow, gray green, 
very light green, light blue, blue, gray. The cards were 
placed in the foregoing order beginning either at the left or 
right hand. Sometimes the white, pink, red end of the semi- 
circle was placed at the right, sometimes at the left. No regu- 
lar order was used and no habit in that respect could be formed. 
There was sufficient difference in the colors to make them 
easily distinguished from each other, but the differences be- 
tween white and light pink, light green and light blue, and 
gray and green gray, were on the other hand sufficiently small 
to demand close attention to the distribution. Occasionally a 
subject would put two cards at one time in the pile, the second 
card not having been handled and discriminated. This was 
always counted as one error. More often the mistakes were 
mistakes iu discrimination. The cards which were the most 
difficult to discriminate were sometimes confused, for example, 
a gray would be placed on the green gray pile. Sometimes in 
these piles there would be collections as follows, pink, pink, 
pink, white, white, white, etc., and white, white, white, pink, 
pink, etc. Each of these arrangements was counted one mis- 
take, since the discrimination and sorting went on just as if 
the white and pink positions had been interchanged. The time 
given in the tables is the time obtained plus a proportionate 
amount for the errors of omission. 


In the tables the averages are grouped according to the serial 
weeks, to make the results of all the subjects as comparable as 
possible. The experiments were not, however, made at the 
same time. ‘The series on Ed, Ev. and F. were begun August 
22-27, B’s series, Sept. 5-10, and the series on C. and P. Oct. 
23-29, 1904. A few experiments were made on Ev. Au- 
gust 21, 22, 23 and 24, 1905. S., a subject in another series 
of experiments, but whose results will be considered in the 
appropriate places, was used July 6-21, August 8-19, and Au- 
gust 21-26, 1905. All the experiments on C., P. and S. were 
begun on the same day. The experiments on sorting the col- 
ored cards, it has been mentioned, were not begun for some 
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time after the other tests with B., Ed., Ev., and F., and the 
reaction time experiments were not begun until the third week 
of the tapping, reading, etc., on Ed., Ev., and F. 
Experimental Results. Tapping time. The results of the 
tapping experiments are given in Table I. Here we find that 
on the whole the two excited subjects show ao variation from 
the normal, but that the retarded patients are much slower 
than either the normal or excited subjects." B. and F. start 


TABLE I. 


Weekly averages of tapping time in thousandths of asecond. The average 
variations are given below the averages. The numbers of experi- 
ments, when more or less than five, are in parentheses. 


Serial Normal. Depressed. Excited. 
weeks. B. Ev. 
156.7 15 299-3 

2.6 45-2 

(4) 


(3) 
153-2 
3-4 


I 


nN NI 


160.8 
1.9 


on 

QAP 


General 157-8 183.6 144.6 
average. (23) (14) (14) 


1 Dresslar (Some influences which affect the rapidity of voluntary 
movements, Amer. Jour. Psychol., 1892, IV, 514-527) found that it 
took 37 seconds, to make 300 taps on the first day of his series, 7. ¢., 
0.123 sec. for one tap. He does not state whether or not this experi- 
ment had been preceded by any practice tests. His general conclusion 


Te) 
4) 
— 
92.2 230.7 
3 6.2 9-6 
(6) (6) 
4 127.2 169.4 235-0 184.6 145-4 
2.1 3-5 3-2 6.7 2.6 
5 128.6 165-4 231-0 
4-7 3-9 13-6 
161.8 185.0 140.2 ! 
6 3-4 2.4 
(4) 
8 120.4 164-0 232.0 
2.5 5-6 4-8 
9 4.0 
se 121.2 161.6 224.4 
1.8 4-7 3-9 
127.0 234-4 
3-6 5-9 
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with approximately the same speed, but, while F. improved 
and greatly lessened his time, B. did not gain in speed with 
practice. Neither C. nor P. show much practice effect. The 
slight improvement shown by P. is due mainly to one chance 
result on the third day of the first week, when his time was 
greatly slowed, to .157 second. On this day it was noted that 
P. was greatly distractible, and that he kept talking through- 
out the experiment. If this result be excluded there would be 
no difference between the results of the first and the fourth 
weeks. This distractibility was noted throughout the series 
on both C. and P., particularly at the beginning. The prac- 
tice effect shown by Ed. is coincident with his general mental 
improvement, and it is difficult to estimate how much of the 
increased speed is due to the recovery of the patient and how 
much to the practice. In this and in the other experiments, 
as will be shown later, Ev. attained his greatest speed after 
two weeks’ practice, and thereafter the extra practice did not 
seem to decrease the time for the performance of any of the 
tests. This is very different to the result found with Ed., and 
to that obtained from another depressed and retarded subject, 
S. The results of similar experiments on S. over a period of 
thirteen weeks are given in Table II.’ S. shows the gradual 
increased speed from practice, but in this case, it is also impos- 
sible to estimate the amounts due to recovery and to practice. 
The fact that there is an increased speed from the ninth to the 
thirteenth weeks, when there were no experiments in the in- 
terval, would indicate that a large part of the ‘practice effect’ 
was due to the recovery. Similar reductions in time are noted 
in the figures given by Ed. for the fifth and eighth weeks, and 
for the eighth and eleventh weeks. 


TABLE II. 


Weekly averages of tapping time in thousandths of a second. 
Subject, S., retarded depression. 


Serial weeks. 6 


| 
7| 8 


| 
| 
Averages, -7 |200. : : 
Average varia- 6. 
tions, 


2 


Numbers of ex- 
periments. 


12 


from his work is that the ‘‘normal rate for most rapid voluntary 
movement of the right wrist was found to average 8.5 taps per second.’’ 
Other tapping results, but with restricted movements, will be found 
in an article by Bryan: On the development of voluntary motor ability, 
Amer. Jour. Psychol. (1892), V, 125-204. 

1S, iad been used in another part of this general research, and his 
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In five experiments Ca., another retarded subject, averaged 
162.8 taps in 30 seconds, average time for one tap 0.184 sec. 
In these five experiments there was noticeable some practice, 
but owing to mental confusion it was deemed advisable not to 
continue the work. Pr., a depressed case without retardation 
but with a feeling of inadequacy,’ showed considerable speed 
in movement. Two experiments averaged 196.5 taps in thirty 
seconds, average time for one tap 0.153 sec. Arranging the 
subjects in the order of rapidity we have: F., P., Pr., B., Ed., 
C., Ca., S., and Ev., if all the experiments are grouped, but if 
the first week’s results are considered alone we find the follow- 
ing order: P., Pr., F., B., C., Ca., Ed., S., and Ev. The last 
four subjects, it will be remembered, were retarded at the time 
the experiments were made. 

The average variations are relatively small, with two excep- 
tions, viz., Ev’s first week, and Ed’s second week. In both 
cases the size of the deviation is due to one relatively slow 
day. 

Reaction time. The results of the simple and choice reac- 
tions to sounds will be found in Tables III, IV, and V. The 
experiments on B., C., and P. were begun at the same time as 
the other tests. Those on Ed. and Ev. were not begun until 
the third week. Ev. is the only subject to show any great 


variation from the normal in either simple or choice reactions. 


TABLE III. 
Weekly averages of simple reactions to sound, in thousandths of a second. 
The average variations are given below the averages. The 
numbers of experiments are in parentheses. 


Normal. Depressed. Excited. 
B. F. Ed. Ev. c. P. 
164.6 157.1 299 -O 182.9 185.0 
15-0 17.9 35- 79-7 22.7 23.5 
(80) (140) (120) (240) (240) 
167.2 209.2 
18.7 53-3 
(100) (100) 


165.0 208 .3 
12.2 41.5 
(100) (100) 


results will be mentioned in this paper in connection with the appro- 
priate experiments. S., a business man, was 44 years old at the time 
the experiments were made. He had had two previous attacks of de- 
pression with retardation. The attack in which he was the subject of 
some experiments began in March, 1905, and he was discharged from 
the hospital in September. A full account of the work on S. will ap- 
pear in a forthcoming number of the American Journal of Insanity. 

17, ¢., a feeling that things are more difficult to do, and a disinclina- 
tion to do things. 


Serial 
weeks. 
I 
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TABLE III. Concluded. 


Normal. Depressed. Excited. 
F. Ed. Ev. Cc. F. 
186.1 224.0 173-7 187.5 
6 158 


48.0 16.7 
(610) (300) (300) 
282.9 167.9 195-2 
14.0 19.2 
(240) (270) 


13 


If the average simple reaction time obtained in the tests of 
college students’ be taken as the normal average for unprac- 
ticéd subjects we find the results of B. and F., the two normal 
subjects used in this work, differ very little from the normal 
average. The averages of C., Ed., and P. for the first week 
do not greatly exceed Wissler’s determinations plus the prob- 
able error (2. ¢., 158.7-+18.9). Ed. always reported that in 
this experiment his attention was directed to making the move- 
ment. If this statement be accepted as evidence of motor re- 
actions, his reactions may be considered slow. It should be 
noted, however, that when well enough to be discharged his 
average (ninth week) was 175.7. Another retarded subject, 
S.,’ averaged for 350 experiments, 50 on each of seven days, 
215.4 (probably sensory reactions). The first set of twenty-five 
reactions averaged 325.6 and the last set 152.2. This is a de- 
cided slowing in the first experiments, and there is a wonder- 
ful practice effect in the increased speed of the reaction. The 
results of the tests of the Columbia students are, however, not 
directly comparable to the averages for the first week of my 
subjects. It would be more justifiable to compare the results 
obtained on the first day from the subjects I used. In this case 
it should be remembered, as has been noted above, that the 
subjects were practiced for a time before any time measure- 
ments were taken. The results of the first day’s simple reac- 
tion averages are asfollows: B., 164.1; Ed., 144.1; Ev., 446.2; 
C., 185.9; P., 192.9. The perfectly normal character of Ed’s 


1Wissler: The Correlation of Mental and Physical Tests. Psycho- 
logical Review Monograph Supplement, 1901, III, No. 16, pp. 62. 
Wundt gives 1200 to 180¢ as averages of normal subjects, Physiol. 
Psychol., Ill, p. 416. 

2 See above for a very brief account of his condition. 
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reaction on the first day is remarkable. On the remaining five 
days of this week, however, this subject averaged respectively 
213.0, 189.8, 213.8, 212.0, and 195.7. The reactions on these 
days are slowed, and are not consistent with the results of the 
first day. The averages for the excited patients, C. and P., 
show no shortening of the reaction time, but on the contrary 
if the difference to the normal is considered sufficient to notice 
it is a decided slowing. The results which I have obtained 
should be compared with the results of other investigations. 
The averages given by Richet’ for simple reactions to sound 
are 194 for cases of melancholia and 156 for mania. Bevan 
Lewis’s experiments show a simple reaction to sound in melan- 
cholia to be very long, 0.23 second.* The average for five 
maniacal patients was 186. Some of Lewis’s patients, that 
were greatly depressed, gave very rapid reactions, ¢. g., J. H. 
B., .13 sec.; C. K., .14 sec.; and J. E., .13 sec. None of his 
excited patients gave average simple reactions less than .17 
sec. In Marie Walitzky’s experiments on the reaction time 
to sound, it was found that in two cases of excitement the sim- 
ple reaction was .172.* v. Tschisch gives the average of 150 
simple reactions to sound by a patient recovering from mania 
0.07 second,* but I feel confident that this time is too short to 
be considered typical of these cases. No other observer has, to 


my knowledge, found such a shortening of the time. Janet 
has also made numerous determinations of the reaction time in 
depressed conditions.° He seems to find in these conditions a 
slowing of the reactions. The results obtained by Buccola® I 


1Dictionnaire de Physiologie, Vol. Ill, p. 29. Article Cerveau. No 
definite information is given regarding the cases used in obtaining 
these results, and it is impossible to draw any comparison with the 
retarded patients with whom I worked. Richet says that his results 
are averages of many observers. 

2W. Bevan Lewis: 7ext-book of Mental Diseases. Wondon, 1899, 
pp. 164, 364, and 365. The designations of the subjects do not indicate 
whether or not retardation was present. 

8 Walitzky: Contribution a l’étude des mensurations psychométri- 
ques chez les aliénés, Revue Philos., 1889, XXVIII, 583-595. These 
cases, it should be mentioned, are maniacal conditions in general 
paralysis. 

*W.v. Tschisch: Ueber die Zeitdauer der einfachen psychischen 
Vorgange bei Geisteskrankheiten, Neurol. Centralblatt, 1885, IV, 217. 

5See particularly Névroses et idées fixes, 2 vols., Paris, 1898. Janet’s 
results are given in the form of curves. The printing or the engrav- 
ing of the cuts is so badly done that it was impossible, even with the 
aid of a microscope, to determine the figures which he has obtained. 
The general character of the curves give a fair idea of his results, 
however. In the case of depression, Bei, it appears that the simple 
reaction to sound averaged from 200 to 220 (Vol. II, p. 67). 

®Buccola: La legge del tempo nei fenomeni del pensiero. Sid/io- 
teca scientifica internat., Vol. XXXVII. The work done on the in- 
sane by this investigator is said to be very good, but I have been un- 
able to get the articles. His work is referred to by Walitzky. 
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regret to say I have not seen. The dedz/e whose reaction times 
are given by Pelletier is probably a case of dementia.’ 

The choice reaction times obtained by other experimenters 
for normal, depressed and excited students are very varied. In 
choice experiments similar to those made by me Tischer found 
on nine subjects an average of 316,” with an individual varia- 
tion from 293 to 357. In Kraepelin’s laboratory numerous ex- 
periments on the choice reaction times gave averages from 250 
to 350. Walitzky found the choice reactions of two excited 
cases to average 653, although the simple reaction was only 
172.° v. Tschisch * found a corresponding and almost propor- 
tionate increase in his case of ‘recovering mania.’ Lefmann,°® 


TABLE IV. 


Weekly averages of choice reaction times in thousandths of a second. The 
average variations are given below the averages. The numbers 
of experiments are in parentheses. 


Serial Normal. Depressed. Excited. 
weeks. B. F. Ed. 
250-I 192.4 268.0 
I 36.3 28.1 53-3 
(40) (60) (60) 
239-4 251.2 
22.9 39-8 
(50) (59°) 
234-8 
16.2 
(50) 
236.9 
29-3 
(280) 
230-3 
25.6 
(40) 
236.8 


27-9 
(180) 


13 


1 Pelletier: Les lois morbides de l'association des idées. Paris, 1904. 
See p. 133. 

2Wundt: Physiol. Psychol., Ill, 46r. 

8 Op. cit. 

4 Op. cit. 

5Lefmann: Ueber psychomotorische Stérungen in Depressionszu- 
standen, Psychol. Arbeiten, 1904, IV, 603-668. 
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TABLE V. 


Differences between weekly averages of choice and simple reaction times 
in thousandths of a second. 


Serial Normal. Depressed. Excited. 
weeks. B. F. Ed. Ev. Cc. Le 
85-5 35-3 76.7 133-0 105-5 73-9 
72.2 69.9 97-6 
69.8 45-7 129.8 
78.5 80.5 
79-4 25.6 


— 14.8 


working in Kraepelin’s laboratory, obtained the following 
averages respectively for six typical cases of depression-retarda- 
tion (200 choice reactions each, no simple reactions are re- 
ported): 325, 371, 406, 469, 474, 685. The average vari- 
ations for Lefmann’s subjects were very large.’ 

F’s choice reactions are very short. This is, I think, due to 
the fact that he knew the conditions of the experiment— 
that the reactions of the left hand were not being considered. 
Although an attempt was made to react naturally with both 
hands, the knowledge of the methods tended to make him pay 
more attention to the right hand and the loud sound. This 
was noticeable in that several times he failed to react with the 
left hand at the proper time. The times given by B., C., Ed., 
and P. are shorter than those of the majority of Tischer’s 
eleven normel subjects. Ev., however, took a much longer 
time to differentiate the two sounds and to react properly. 
The two excited subjects, C. and P., do not show any in- 
creased rapidity, and in fact their lowest weekly averages are 
not so low as the lowest weekly averages of Ed’s experiments. 

The results of experiments with S. were about the same as 
with Ed. The general average for seven days was 2569. On 


1The results of Lefmann’s work are mentioned here mainly for the 
sake of completeness. It seems to me that his methods of experi- 
mentation or of calculation must have had considerable errors which 
do not appear from the description. Only in this way can I under- 
stand the results from a maniacal patient, Ba., who in 50 choice reac- 
tions had an average of 153 and an average variation of 160. In other 
respects the article is not good. The author keeps referring to other 
work for methods, especially to work of Kraepelin or his pupils, and 
does not give any other indication in his article of what is there at- 
tempted. For example, in the article L. does not state what kinds of 
stimuli were used in the reaction experiments. For this we must re- 
fer to a monograph by Kraepelin published twelve years before. 
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the first day of his series he averaged 450.9, and on the last 
day 218.8. It should be remarked, however, that at the time 
the last experiments were made S. was practically well. 

The differences between the simple and choice reaction times 
are about normal in five of the subjects. In the case of Ev., on 
certain days the simple reaction time equalled and sometimes 
exceeded the choice reaction time.’ It isastriking fact that the 
choice time in the two excited subjects, who were supposed to 
have rapid associational processes, is not shorter than the nor- 
mal choice time or the choice time of Ed. 

Considering the reaction times as a whole it is apparent that 
the excitability of the maniacal patients is not evidenced by an 
increase in the speed, and that the retardation is not neces- 
sarily a decrease in the speed with which a movement is 
initiated.? 

The average time of reading one word has been determined 
by Cattell for himself to be 0.138 second, and Richet* has found 
that he is able to speak, or to think about ten syllables in one 
second. Theresults on the six subjects of the present work 
are given in Table VI. The time taken by my two normal 
subjects, B. and F., is much longer than that taken by Cattell. 
P., an excited subject, took about the same time as B.;C., 


Ed., and Ev. are distinctly slow.* As the experiments pro- 
gressed the normal and depressed subjects improved, but the 
excited patients did not. The percentages of improvement due 
to the exercise in this test, z. e., one hundred minus the best 
weekly average divided by the average for the first week, are 
as follows: B., 10%; F., 13%; Ed., 37%; and Ev., 18%. 


1 These results have been considered in some detail in a previous 
paper. Franz: Anomalous Reaction Times in a case of Manic-depres- 
sive Depression. Psychol. Bulletin, 1905, II, 225-232. Similar results 
were obtained in later experiments with S. The condition, therefore, 
is one which may be more or less characteristic of certain cases of re- 
tardation. A full account of the work on S. will be found in the 
American Journal of Insanity, Franz and Hamilton: The effects of 
exercise upon the retardation in conditions of depression, 1905. 

2From the results of fatigue experiments Hoch has concluded 
that the retardation comes principally at the beginning of a move- 
ment; On certain studies with the Ergograph, Journal of Nervous 
and Mental Diseases, 1901, XXVIII, 620-628. The present series of 
experiments do not bear out this conclusion, but I prefer to await fur- 
ther results before making any definite denial on this point. I be- 
lieve the explanation offered by Hoch for the conditions which he 
found to be the most plausible one, although it does not fit the results 
of the present work. 

8 Dictionnaire, III, p. Io. 

4The calculation of a few records on the basis of syllables gave for 
F. .104 sec. for reading one syllable. The time of the other subjects 
for reading a syllable may be determined approximately by multiply- 
ing the figures in the table by .6. 
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TABLE VI. 


Weekly average time in thousandths of a second for reading one word. 
The average variations are given below the averages. The num- 
bers of experiments, when more or less than five, 
are in parentheses. 


Normal. Depressed. Excited. 
B. F. Cc. 
276.3 329-0 266.0 
19-9 . 86. . 16.0 10.0 


(4) (4) (4) 


277-6 
14.2 


253-4 
22.3 


TABLE VII. 


Weekly averages of time in seconds for marking 100 e’s. The average 
variations are given below the averages, and on the therd line the 
average number of mistakes. The numbers of experiments, 
when more or less than five, are given in parentheses. 


Normal. LCepressed. Excited. 


Serial 
weeks. 
I 
179.8 497-2 323-0 
2 11.8 22.6 24-4 
183.5 470-0 337-8 
3 | 12.5 14-0 5:7 
4 186 .6 451.2 346.2 342.6 269.2 
2.5 13.8 12.2 13-9 18.2 
5 176.8 378-8 321.6 
7-3 29.8 20.5 
249.8 368.8 276.8 
6 9-5 28.0 6.6 
(4) 
8 172.0 347-8 322.6 
6.8 12.6 24.3 
248.6 
181.2 342.0 329.0 
9-8 14-0 18.0 
4-9 10.4 
Serial 
weeks. B. Ed. Ev. Cc. P. 
II0.2 96.0 145-2 131-5 135-8 149-2 
13.8 6.7 13-6 32.8 7-4 18.8 
3-2 2-3 7:3 33-2 13-5 14-5 
(6) (5) (6) (6) (4) (4) 
108.8 82.6 123-6 153-6 
2 7-0 5-1 14-7 17-1 
1.8 0.6 5-4 18.4 
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TABLE VII. Concluded. 


Normal. Depressed. Excited. 
Ev. 
152-0 


13.6 
16.0 


154-4 
10.3 
18.6 


163-4 
16.5 
12.0 


166.8 
8.2 
13 14.2 


The discriminating and marking of the one hundred letters in 
the paragraph of printed matter was at first a very slow process 


in both the depressed and excited patients. Table VII gives 
the results of the six subjects. The averages and average vari- 
ations as well as the average number of errors are given. 
These experiments were begun at the same time as the reac- 
tion experiments, 7. ¢., 3d week for F., Ed., and Ev. As the 
experiments progressed there was an increase in speed and a 
decrease in the number of omitted letters for all the subjects 
except Ev. Practice increased Ev’s time but also increased his 
accuracy. These results cannot be directly compared with the 
results obtained from college students,’ but in comparison 
both B. and F. are quite rapid in the performance of the task. 
Neither C. nor P. are so speedy as the two normal subjects, 
and P. is slower than the retarded patient, Ev. There is not 
much difference in time for the first weeks of C. and Ed., C. 
was a trifle faster, but Ed. was considerably more accurate. 
Ed. was quicker than B. after the second week, but he did not 
approach in accuracy to that of B. Ca , another retarded subject, 
averaged in four experiments 123 5 sec.; A. V., 10.3.; with 
average omissions 36.5. These results are similar to those of 
Ev. The time taken by S. for this experiment averaged longer 
than Ed’s time; twelve experiments in one week, average, 


4 Wissler: op. cit., 270 college students discriminated and marked 
one hundred A’s in a total of six hundred letters in 100 2 seconds with 
an average of 2.2 errors. 


62 
Serial 
weeks. B 
II 
3 6.0 9-3 6.7 
2-4 0.2 5-8 
132.8 143-4 
4 4.6 12.1 
2.4 
112.0 80.0 108.0 130.6 131.0 
6 8.5 5-2 5-5 3-6 
1.8 0.3 6.0 7-4 2.0 
(4) 
103.6 79-6 102.6 
9 8.1 5-9 6.3 
0.2 0.0 3-4 
€ (4) 
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152.7 sec.; A. V., 8.6; average number of omissions, 10.1. In 
this case practice for one week decreased the number of errors, 
but not the time. 

The results of the adding experiments are given in Tables 
VIII and IX. The actual time was not determined for F. and 
no results are given for him in Table IX. P. is the most rapid 
of all the subjects, probably because a large part of his busi- 
ness was that of bookkeeping. Ed., who had had considerable 
experience in adding in his business as hotel clerk, was notice- 
ably retarded, particularly during the first two weeks. The 
total and actual times taken by Ed. were greater at first than 
any other subject, and C., who had had little experience in 
this kind of work, may be considered approximately normal, 
although the time which he took for the work was more than 
that of the other excited patient or of the two normal subjects. 

The actual time gives a more accurate estimate of the rapid- 
ity or slowness in the additions than does the totaltime. The 
two cases of retardation had to be prodded continually at first to 
keep on with the work, and C. had a tendency to lie back and 
to rest between each problem, which tendency had to be over- 
come. This is noticeable in the time lost, the differences be- 
tween the total and actual times. B. averaged in lost time 
about 13 seconds, P. 11 seconds, C. 18 seconds, and Ed. and 
Ev. about 19 seconds in each test. We find, therefore, the fol- 
lowing order of rapidity in the first week: P., F., B., C., Ev., 
Ed. Astriking fact is that Ev., who was so decidedly retarded, 
much more so than Ed., was much more rapid. 


TABLE VIII. 


Weekly averages of total time in seconds for adding twenty problems. The 
average variations are given below the averages. The numbers 
of experiments, when more or less than five, are 
given in parentheses. 


Normal. Depressed. Excited. 
B. Ed. Ev. P. 
127. 312.2 214.0 go. 
8 8. 3- 
(4 


5 


5 
6. 
(4) 
103-7 
I. 
111.6 
4-7 


Serial 
weeks. 
8 
I by 
) 
212.6 198.4 i 
25-9 29-9 
93-8 177-2 162.5 
3 5-6 11.8 6.5 
(3) (6) (6) 
92.2 157-6 157-8 171-4 85.8 
4 3-5 8.7 9-6 3-7 1.8 
88.0 140.4 159.8 
5 1.6 10.3 5-8 
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TABLE VIII. Concluded. 


Normal. Depressed. Excited. 
Ed. Ev. 


TABLE IX. 


Weekly averages of actual time in seconds for adding twenty problems. 
The average variations are given below the averages. Thenumbers 
of experiments, when more or less than five, 
are given in parentheses. 


Depressed. 
Ed. Ev. 


279-6 I91-5 
84.3 


177-8 
21.0 


152.3 
10.3 


(6) 


141.0 
6.8 


127-5 
9-0 
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weeks. 
109.5 164.2 83.2 
6 4 4-7 1.8 
(4) 
89.8 141.4 162.2 
8 4.8 13-1 10.6 
(4) 
9 
- 85.2 126.4 153-8 
3-0 6.9 6.6 
82.4 161.8 
15 4-5 10.6 
Serial Normal. Excited. 
weeks. B. Cc. P. 
112.6 161.6 78.3 
I 5-9 7-4 4-5 
(4) (2) (4) (4) 
93-3 172.6 
100.0 142.1 
= (6) 
143-2 154-6 75-9 
4 || 8.8 3°5 1.9 
146.2 
95-4 148.8 72.9 
6 3-9 5-8 3-1 
(4) 
8 124-5 142.8 
9-4 10.4 
88.5 
III.4 137.0 
5:7 
142.6 
II.5 
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The practice improvement is most marked in the case of Ed., 
a result which has been found also in the previous experiments. 
But an increase in speed does not follow an increase in the num- 
ber of experiments. Very soon, in the third week, Ev. attains his 
maximum speed and thereafter there is no improvement. All 
the other subjects improve to the end of their series, and this 
improvement is marked even when rest intervals of two or three 
weeks are taken. The greatest improvement is found for Ed. 
He has much more to be improved. Here again it is difficult 
to determine how much the increased speed is due to the prac- 
tice and how much to his recovery. Much of the ‘practice 
effect’ is undoubtedly due to the improvement in the mental 
condition. The greatest improvement in the other subjects is 
only 25 per cent., z. ¢., Ev., and in B. and F., with about the 
same number of experiments the results of the last week show 
only 22 per cent. gain in speed. In Ed’s experiments the 
times of the last week are only forty per cent. as long as those 
of the first week, an improvement of sixty per cent. 

In the fourth week of the series on C. and P., the ninth 
week on B., and the eleventh week of the work on Ed., Ev., 
and F., I had all the subjects count from one to one hundred, 
and to add as rapidly as possible one hundred two-digit prob- 

26 4 
lems. One hundred problems, ¢.g.,9 3 8, wereplacedona 


sheet of cardboard and instructions given to add the individual 
problems and to speak the results as rapidly as possible. After 
this I had each subject count at a maximum speed from one to 
one hundred. ‘The times were taken by a stop watch. The 
results of the experiments are given in Table X. 


TABLE X. 


Average time in seconds for adding one hundred two-figure problems, and 
Sor counting from one to one hundred. The average variations are 
given below the averages. The numbers of experiments 
are in parentheses. 


Normal. Retarded. Excited. 
B Ed. Ev. P. 
85 78.8 92-3 ‘ 70. 

100 
25 6.3 8.5 , 3 
(4) (4) ( 
7 
( 
37 


fe) 
) 2 
37-8 ‘ 31-5 62.0 ‘ 34 
8 
) 
2 


2.3 4-0 5 
(4) (4) (2) 
47-3 30-3 36-5 


Counting, 


4 


Difference, 


At the time these experiments were made Ed. was not ap- 
preciably retarded, 7. ¢., he was not retarded to a degree that 
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could be determined by observation or by any rough tests. 
His rapidity in this experiment showed, moreover, that he was 
not retarded in comparison with the other subjects. C. and P. 
at this time were both excited. 

It is interesting to note that the general time relations be- 
tween the subjects of the same class are the same for these sim- 
ple additions and for the more complicated addition problems 
on the same days. Thus, for example, Ed. took 81% as long 
as Ev. for the five-digit problems and 85% for the one-digit 
problems. F. took 80% as long as B. for the one digit and 
83% for the five-digit problems, and P. in both cases approx- 
imated 50% of the time needed by C. 

In the comparison of the figures given in Tables VIII, IX, 
and X, we are justified, I think, in considering that a large 
part of the time taken by Ed. at first for the five-digit problems 
was due to the retardation, and that much of his improvement 
was due to the recovery. Part of the improvement undoubt- 
edly was due to practice. P. continued to show considerable 
speed in addition, and C. was consistently slow. The time of 
counting for P. was not proportionately so fast, but C’s count- 
ing time was slow. Ev. also had slow counting time. Consid- 
ering the time alone we might say that both C. and Ev. showed 
a retardation, but it was apparent that the slowing of C. was 
due rather to an awkwardness, and that Ev’s was due to some 
retarding influence. C. showed throughout theexperiments, as is 
indicated in all the tables, a decided mental and physical clum- 
siness which was not at all characteristicof Ev. The long av- 
erage time taken by B. for the one hundred problems was due 
to the result of one experiment, in which some event must have 
occurred to greatly lengthen the time. On one day B. took 105 
seconds for the test. If the other results be considered apart 
from this, we find an average time, 58.8 seconds, A. V., 3.0. 

The difference in time between the addition and the count- 
ing may be taken as approximately the time of the mental 
operation of adding. ‘This difference is large for C. and small 
for Ev. Wealso see that the results of the other subjects agree 
with each other quite well, and that there is a correspondence 
between these differences and the choice time (choice reaction 
time minus simple reaction time). 

Ed. shows no retardation, in adding the one hundred prob- 
lems, in counting, or in the adding time. Ev. is slow in add- 
ing and counting but the adding time is rapid. C. is slow in 
counting and much slower in adding, and his adding time is 
very slow. P. shows nothing abnormal.’ 


1 The averages for this experiment illustrate well the danger of draw- 
ing conclusions too hastily from time measurements of mental phe- 
nomena. The most evident conclusions from these results alone 
would be that C. was retarded at the time the experiments were made. 
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In the discrimination and distribution of one hundred colored 
cards results were obtained (Table XI) similar to some already 
discussed. Ev. was very slow, C. was slow, P. was medium 
in rapidity, and B., Ed., and F. were rapid, increasing in the 
order named. All the subjects improved from practice. 


TABLE XI. 


Weekly average time in seconds for discriminating and distributing one 
hundred colored cards. The average variations are given below 
the averages. The numbers of experiments, when more 
or less than five, are in parentheses. 


Normal. Depressed. Excited. 

B. Ed. Ev. 
I5I-0 422.6 201.0 190.0 
20.8 30.1 21.3 4-5 
(4) (4) 
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376.8 
25-4 


Conclusions. When the results of all the experiments are 
considered it is evident that the excited patients do not show 
any consistent increase in speed over the normal or depressed 
patients. The maniacal condition is, therefore, not an increased 
motor ability but merely an increased motor diffusion. 

The retarded subjects, on the other hand, were slow at the 
beginning of all the series, but this retardation in the time of 
mental processes is not regular. 

For the performance of what we may call the more complex 
mental processes, ¢. g., choice reactions, adding, etc., the re- 
tarded subjects do not take 'proportionately so long a time as 
they do for simpler acts. The maniacal patients tend to keep 
the normal relations. 


Serial 
weeks. 
I 
128.0 
2 0.0 
(1) 
4 
| 188.2 134.8 
4 7:8 5-9 
109.0 120.2 370.8 
5 4-7 7:4 15.8 
(3) 
6 I7I.2 122.4 
3-4 4-1 
9 4-0 
(2) 
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In the retarded patients considerable practice effect was 
found. This was more noticeable during the first few experi- 
ments. In other work I have shown that general exercise in- 
creased the speed of some mental processes in a case of retarda- 
tion, and at the same time lowered the thresholds for pain and 
touch sensations. These facts indicate that this class of 
patients may be improved to some extent by systematic exer- 
cise, z. ¢., their movements may be made more rapid. This would 
not cure the depression but would help by lessening the re- 
tardation. In every person there is a tendency for the forma- 
tion of habits, and not the least in the insane. It is probable 
that in many cases there is formed the habit of slowness, 
and this may be supplanted by an activity habit formed by 
exercise. 

From the results of the simple reaction and the tapping ex- 
periments it seems unlikely that the retardation comes princi- 
pally at the beginning of the movement, as has been suggested. 
If the retardation was a slowing in starting we should expect 
to have a definite time added to the normal time for all psy- 
cho-motor activities, and otherwise to keep the normal time 
relations (minus this time) for all mental processes. More de- 
tailed experiments are needed on this subject. 

I have previously suggested that the retardation may be a 
general lowering of the irritability, but from the experiments 
already made it is not fully settled where the (supposed) low- 
ered irritability is. Some experiments which I have made show 
that in cases of retardation the tendon reflexes are slower than 
normal and that the skin sensibility is dulled. In conjunction 
with the fact that the addition of extra mental processes does 
not greatly increase the total time, these facts would indicate 
that if there is a lowering of the irritability such lowered irri- 
tability is not principally in the brain but rather in the periph- 
eral parts of the body, particularly the nervous system. I 
expect to take up this matter in more detail in another paper. 

In only a few cases are the average variations for the insane 
subjects greater than normal. 


ACQUISITION OF WRITTEN LANGUAGE BY PRIMI- 
TIVE PEOPLES. 


By ALEXANDER F. CHAMBERLAIN. 


The following notes are offered as a brief contribution to the 
psychology of language-learning from the field of American 
linguistics. The literature concerning the acquisition of writ- 
ten language by primitive peoples is very limited in extent, 
and the author has endeavored to bring together here what is 
known of the attempts by missionaries and others to enable 
certain American Indian peoples to read and write their own 
tongues. The remarkable ease with which this has been done 
in some cases is an important-fact, psychologically and peda- 
gogically. 

I. Algonkian, The first attempt to make the Algonkian 
Indians acquire an Indian or a European language by means 
of a specially prepared syllabic alphabet was that of Pére 
LeClercq, a Recollect missionary among the natives of Gaspé 
for many years, beginning with 1655. Following is his own 
account of the origin and development of these characters, as 
given by Shea: 

‘*The easy method which I found for teaching our Gaspe- 
sians their prayers with certain characters which I formed, 
effectually convinces me that the majority would soon become 
instructed; for, indeed, I should find no more difficulty in 
teaching them to read than to pray to God by my papers, in 
which each arbitrary letter signifies a particular word, and 
some even two together. They so readily grasp this kind of 
reading that they learn in a single day what they would never 
have been able to retain in a whole week without the aid of 
these cards, which they call kignamotinoer or kateguenne. 
They preserve these instructive papers so carefully and prize 
them so highly that they keep them very neatly in little bark 
cases adorned with wampum, beads and porcupine quills. 

Our Lord inspired me with this method the second year 
of my mission, when, being greatly embarrassed as to the mode 
in which I should teach the Indians to pray, I noticed some 
children making marks on birch-bark with coal, and they 
pointed to them with their fingers at every word of the prayer 
which they pronounced. This made me think that, by giving 
them some form which would aid their memory by fixed char- 
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acters, I should advance much more rapidly than by teaching 
on the plan of making them repeat over what I said. I was 
charmed to know that I was not deceived, and that these char- 
acters which I had traced on paper produced all the effects I 
desired, so that, in a few days, they learned all their prayers 
without difficulty. . . . . Ienlarged them so as to include 
all the prayers of the Church, with the sacred mysteries of the 
Trinity, Incarnation, Baptism, Penance, and the Redemption.”’ 

In his Algonquian Bibliography Pilling gives, from LeClercq, 
a facsimile of the Lord’s Prayer in these Micmac ‘‘hieroglyph- 
ics’’ (p. 304). It will be seen that some of them are quite 
complicated. These characters continued in use among the 
Micmacs, who, as late as 1881, according to Dr. J. G. Shea, 
could ‘‘write and read them.”’ 

In 1866, Rev. C. Kauder, a Redemptorist priest, who had 
gone over to the Trappists at Tracadie, N. B., where he studied 
the Micmacs and their hieroglyphics, published, with the title, 
Buch das gut, enthaltend den Katechismus, Betrachtung, Gesang 
(Wien, 1866), a catechism, hymn-book, and book of devotion 
in Micmac ‘‘hieroglyphs’’ with interlinear wording in Ger- 
man. In this work he is said to have been aided by Michael 
Christmas, an educated Indian of Nova Scotia. A facsimile 
of the title-page of this book is given by Pilling (p. 274). 
Cuogq, in his Lexigue de la langue Iroquoise (Montréal, 1882) 
writes of the work of Kauder as ‘‘fort beau et trés-ingénieux, 
mais aussi trés-dispendieux et, 4 mon avis, fort peu pratique.”’ 
But the Abbé Cuog was no friend of ‘‘new graphic systems.’’ 
Micmac MSS. exist in these ‘‘hieroglyphs,’’ but since Kau- 
der’s book, none seem to have been printed, at least to any 
extent. For Kauder a special font of type was cast in Vienna. 
It is very interesting that, so early as the middle of the seven- 
teenth century, an attempt should have been made to give 
these Indians a reading knowledge of language. 

About 1840, Rev. James Evans, for many years a Methodist 
missionary among the Cree and other Indian tribes of the 
Hudson Bay region centering about Norway House, bethought 
himself of applying a phonetic system for translations into the 
Cree language, developing by 1841 what is now called the 
‘*Cree Syllabary,’’ or ‘‘ Evans’s syllabary.’’ ‘The idea seems to 
have come to him from some of the shorthand systems ex- 
ploited about this time in England, as may be seen from com- 
paring his characters with those, e. g., of Pitman, etc. In 
1841 Evans began to teach his system to the Cree Indians, and 
soon set about printing books. The very earliest types were 
whittled from blocks of wood with a pocket knife; the ink was 
made from soot; the ‘‘paper’’ used was birch-bark. Some of 
the original type and birch-bark books are still preserved. 
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Having been for some years refused permission by the Hudson 
Bay Company to import press and types, he ‘‘cast leaden blocks 
from the lining of the chests in which tea was brought into the 
country, and whittled them into shape as best he could, and, 
by a rough improvised press of his own manufacture, succeeded 
in printing many hymns, sections of the Holy Scriptures, and 
primary school-books, which were of great service.’’ A set 
of these home-made types was sent to England, and soon the 
Hudson Bay Company gave their consent, ‘‘to have a font cast 
and, with a press, sent out to Norway House, pledges being 
given that they would be used only for mission work.’’ Evans 
himself did not live long to carry on his work, dying in No- 
vember, 1846, after returning to England. His labors have 
been continued by others, however, and to-day, ‘‘the different 
sub-tribes included in the Cree conferacy are supplied with 
native literature to a greater extent than any of the other Indian 
tribes in Canada (Maclean, Canad. Sav. Folk, p. 283),’’ and 
‘‘few Cree Indians can be found who are not able to read the 
literature printed in the syllabic characters (p. 85).’’ The 
success of this syllabary was early reported by Ballantyne, in 
his Hudson Bay (Lond., 1848), where we read concerning 
Evans at Rossville (cited by Maclean): 

“‘T spent a pleasant afternoon in sauntering about the village, 
and in admiring the rapidity and ease with which the Indian 
children could read and write the Indian language by means of 
a syllabic alphabet invented by their clergyman. The same 
gentleman afterwards made a set of leaden types with no other 
instrument than a pen-knife, and printed a great many hymns 
in the Indian language (p. 159).’’ Rev. John Maclean, in his 
book on Zhe /ndians (Toronto, 1889), says of Evans’s syllabary: 

‘It is so simple in construction that an Indian with average 
intelligence can memorize the whole in a day, and in less than 
one week read fluently any book written upon this plan (p. 
256).’’ Many of the Indians have learned to read fluently 
‘“‘with no other teachers but the Indians around the camp- 
fires.’’ 

The northern Crees, among whom Evans labored, have nat- 
urally taken to it most, but later on it obtained a footing among 
the Plains Crees and the Stonies, who, according to Maclean, 
‘‘read the books printed in this system fluently, and write let- 
ters in it, some of which I have in my possession.’’ By Rev. 
E. J. Peck the Evans syllabary has been adapted to Eskimo, 
and by Father Morice to the Carrier language of the Athapas- 
can stock. Protestant and Catholic missionaries use it, and 
the Indians of several tribes write it on birch-bark, etc. The 
total of the literature extant among all the tribes employing 
the Evans syllabary or modifications of it is quite considerable, 
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as revealed, ¢. g., by the titles in Pilling’s bibliographies, and 
it has certainly ‘‘exerted a great educating influence over the 
minds of the people.’’ Maclean remarks: 

‘*By means of this syllabary a clever Indian can memorize in 
an hour or two all the characters, and in two or three days 
read the Bible or any other book in his own language.’’ Pill- 
ing, who calls the Cree syllabary ‘‘a great improvement on the 
Cherokee,’’ says of these characters: ‘“Those who use them 
in teaching say it takes the average child not two-and-a-halt 
years (as with us) to read fluently, but a few weeks.’’ 

II. <Athapascan. Rev. A. G. Morice, since 1885 a Catholic 
(O. M. I.) missionary among the Carrier Indians of Stuart’s 
Lake, B. C., published in 1890 The New Methodical, Easy and 
Complete Déné Syllabary (2 pp.), which is reproduced by Pill- 
ing in his Athapascan Bibliography at pages 67-69. ‘The sylla- 
bary is also to be found in Morice’s article on Zhe Déné Lan- 
guages (Trans. Canad. Inst., Vol. I, 1889-1890, p. 175). In 
these characters Father Morice has published a Déné primer, 
catechism, etc. In illustration of the practical worth of his 
new syllabary he tells us, ‘“Through it Indians of common in- 
telligence have learnt to read in one week’s leisurely study 
before they had any primer or printed matter of any kind 
to help them on. We even know of a young man who per- 
formed the feat in the space of two evenings.’’ 

More recently (Bull. Soc. Neuchat. de Géogr., Vol. XV, 
1904, p. 74), Father Morice is on record as saying, in connec- 
tion with a letter written by an Indian in these characters with 
a bit of charcoal on a piece of pine-bark: ‘‘Our Indians read 
and write their language, with marvellous facility, by means 
of recently invented syllabic characters, which they learn with- 
out having any regular schooling.’’ 

Morice’s syllabary, perfected in 1889, is based upon Evans’s 
Cree syllabary, with modifications necessary to express, ‘‘the 
more numerous and delicate’’ sounds of the Carrier tongue. 
In an earlier article (Proc. Canad. Inst., Vol. VII, 3d Ser., 
1889, p. 166), Father Morice wrote : 

“T am now continually in receipt of letters from Indians 
whom I never taught and who have learned to read after one 
or two weeks (in some cases I might say three or four days) 
private instruction from others.’’ 

Rev. W. W. Kirkby, for a number of years (1870-1879) an 
Episcopal missionary among the Chippewyan Indians of the 
Athapascan stock, about the Churchill River, published several 
translations (hymns and prayers, manuals of devotion, Gospels 
of St. John and St. Mark, New Testament, portions of the 
Book of Common Prayer, etc.) into the Chippewyan tongue 
in a syllabary based upon, or rather identical with, that of 
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Evans for the Cree, etc. Religious publications in this sylla- 
bary have appeared in other Athapascan languages, ¢. g., the 
Slavé. The syllabary publications of Perrault (1857-1865) 
and Legoff (1890) in Chippewyan (Mountaineer) belong here 


Chinookan. Father Le Jeune, a missionary priest (O. 
M. I.) since 1880 among the Thompson, Okanagan and Shush- 
wap Indians of British Columbia, has adapted for use in sten- 
ographic and mimeographed publications (vocabulary, hymns, 
primer, etc.), in the Chinook jargon, still a lingua franca of 
this region, the Duployan system of short-hand, which made 
its appearance in Paris in 1867, Father Le Jeune (he was then 
16) learned itin a fewhours. In July, 1890, he thought of 
trying it ‘‘as an easy phonetic writing for the Indians of Brit- 
ish Columbia,’’ first on the Nicola, then in succession on the 
Shushwap and Thompson tribes. In May, 1891, he began to 
publish the Kamloops Wawa, a periodical in the Chinook jar- 
gon in stenographic characters and mimeographed copies. A 
facsimile of the first page of the first number is given by Pill- 
ing in his Chinookan Bibliography. 

IV. LZskimoan. The Evans characters have been introduced 
among some of the Eskimo communities. Rev. E. J. Peck, an 
Episcopal missionary, the scene of whose labors has been suc- 
cessively Little Whale River in the Ungava district and (since 
1894) Blackhead Island in Cumberland Sound, translated into 
the Eskimo language of those regions certain portions of the 
Scriptures and had them printed in the syllabic characters of 
Evans. He then began at once to teach the Eskimo to read. 
His experience was that the natives of both sexes and all ages 
learned to read their language with wonderful facility. Of the 
40 families, whose headquarters were at Little Whale River, it 
is related that after a little more than two years had elapsed, 
“‘they can all, with few exceptions, read their books.’’ Indeed, 
there are instances on record in ‘‘which a couple of weeks’ in- 
struction sufficed to enable a native to decipher texts.’’ A copy 
of the Eskimo syllabary is given by Pilling in his Askimoan 
Bibliography (p. 73) and by Maclean in his Canadian Savage 
Folk (Toronto, 1896, p. 504). 

V. Jroqguoian. ‘The Cherokee branch of the Iroquoian lin- 
guistic stock has been distinguished by the invention of the so- 
called ‘‘Cherokee alphabet’’ properly a syllabary, the device of 
Sequoyah, or George Guess (or Gist), whose father was prob- 
ably a ‘‘Pennsylvania Dutchman,’’ his mother a Cherokee 
squaw. . Pilling writes of him: 

‘An illiterate vagabond, vague and dreamy, if report be 
true, who could read neither his own nor any language, and 
was taunted, it is said, with this fact by some white men; 
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whereupon, so the story goes, he retorted that he would learn 
and teach his brethren as well.’’ Foster, in his biography, 
styles him ‘‘Sequoyah, the American Cadmus and Modern 
Moses . .. . the greatest of all Red Men, around whose won- 
derful life has been woven the manners, customs and beliefs of 
the early Cherokees, together with a recital of their wrongs 
and wonderful progress towards civilization.’’ As he was born 
ca. 1760, Sequoyah, whose ‘‘dreamy meditations on this inven- 
tion’’ are placed in 1809-1821, must have been much past mid- 
dle age when it was fully achieved. There is no evidence that 
he attended school as a boy, for the first mission among the 
Cherokee was not established until long after he had reached 
manhood. The earliest known account of the ‘‘Cherokee alpha- 
bet’’ dates from 1826 (cited by Pilling from Missionary Herald, 
Feb., 1826, pp. 47-49): 

‘‘A form of alphabetic writing, invented by a Cherokee named 
George Guess, who does not speak English, and was never taught 
to read English books, is attracting great notice among the peo- 
ple generally. Having become acquainted with the principle 
of the alphabet, viz., that marks can be made the symbol of 
sound, this uninstructed man conceived the notion that he 
could express all the syllables in the Cherokee language by 
separate marks or characters. On collecting all the syllables 
which, after long study and trial, he could recall to his mem- 
ory, he found the number 82. In order to express these he 
took the letters of our alphabet for a part of them, and various 
modifications of our letters, with some characters of his own 
invention, for the rest. With these symbols he set about writ- 
ing letters; and very soon a correspondence was actually main- 
tained between the Cherokees of Wills Valley and their coun- 
trymen beyond the Mississipi, 500 miles apart. This was done 
by individuals who could not speak English, and who had 
never learned any alphabet but this syllabic one, which Guess 
had invented, taught to others, and introduced into practice. 
The interest in this matter has been increasing for the last two 
years, till, at length, young Cherokees travel a great distance 
to be instructed in this easy method of writing and reading. 
In three days they are able to commence letter-writing, and 
return home to their native villages, prepared: to teach others. 

Either Guess himself, or some other person, has dis- 
covered four other syllables, making all the known syllables of 
the Cherokee language 86. This is a very curious fact, espe- 
cially when it is considered that the language is very copious 
on some subjects, a single verb undergoing some thousands 
of inflections.’’ 

In 1827, Rev. S. A. Worcester compared the ‘‘Cherokee 
alphabet’’ with the alphabet of Pickering as follows: 
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“‘T am not insensible of the advantage which Mr. Pickering’s 
alphabet, in common with that in use at the Sandwich Islands, 
possesses above the English, by being so much more nearly a 
perfect alphabet. Nor do I suppose that more than half the 
time would be required for a Cherokee child to learn to read 
his own language in that alphabet, which is required for an 
English child to learn his, But, in point of simplicity, Guess 
has still the pre-eminence; and, in no language, probably, can 
the art of reading be acquired with nearly the same facility.’’ 

In 1827 a font of type, specially cast for the new syllabary, 
and a printing press were sent from Boston, and a national 
paper in the Cherokee language and alphabet, the Cherokee 
Phenix, was established in February, 1828, but lasted only six 
years. After the removal of the Cherokee to the Indian Terri- 
tory, there was begun, in 1844, the Cherokee Advocate, of which 
Mooney informs us (pp. 109-113; 219-220): 

‘It is still continued under the auspices of the Nation, 
printed in both languages and distributed free at the expense 
of the Nation to those unable to read English,—an example 
without parallel in any other government.’’ Besides being 
employed in a vast amount of religious literature (Bible trans- 
lations and extracts, hymn-books, etc.), newspapers and peri- 
odicals, text-books and school-books, law-codes, etc., political 
and other tracts, and the like, ‘‘the syllabary is in constant 
and daily use among the non-English-speaking element, both 
in Indian Territory and in North Carolina, for letter-writing, 
council-records, personal memoranda, etc.’’ Mr. Mooney calls 
attention also to another use of the syllabary: 

‘‘What is perhaps strangest of all in this literary evolution 
is the fact that the same invention has been seized by the 
priests and conjurers of the conservative party for the purpose 
of preserving to their successors the ancient rituals and secret 
knowledge of the tribe, whole volumes of such occult literature 
in manuscript having been obtained among them by the au- 
thor.’’ Some of this literature has been published by Mr. 
Mooney, the rest lies in the library of the Bureau of American 
Ethnology at Washington. ‘The effect of the ‘‘Cherokee al- 
phabet’’ is described by Mr. Mooney. 

‘The invention of the alphabet had an immediate and won- 
derful effect on Cherokee development. On account of the 
remarkable adaptation of the syllabary to the language, it was 
only necessary to learn the characters to be able to read at 
once. No schoolhouses were built and no teachers hired, but 
the whole Nation became an academy for the study of the 
system, until, in the course of a few months, without school or 
expense of time or money, the Cherokee were able to read and 
write in their own language. An active correspondence began 
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to be carried on between the Eastern and Western divisions, 
and plans were made for a national press, with a national li- 
brary and museum to be established at the capital, New 
Echota. The missionaries, who had at first opposed the new 
alphabet, on the ground of its Indian origin, now saw the 
advisability of using it to further their own work.’’ 

As early as 1823 the Cherokee National Council awarded 
Sequoyah ‘‘a silver medal with a commemorative inscription 
in both languages,’’ and the treaty of 1828, made in Washing- 
ton, stipulated for the payment to him of $500, ‘‘for the great 
benefits he has conferred upon the Cherokee people, in the 
beneficial results which they are now experiencing from the 
use of the alphabet discovered by him.’’ 

Of the ‘‘alphabet’’ itself, worse even from a phonetic than 
from a mechanical point of view, Pilling observes (p. 183): 

‘This syllabary is one of the most curious compounds 
imaginable,—worse, perhaps, than would be expected to come 
from even such a source. Based, as I have said, upon the 
Roman characters found in the spelling-book, he took all sorts 
of liberties with them, subjected them to all kinds of indigni- 
ties, turned them upside down, wrong side to, added tails 
when fancy dictated, and sometimes even horns. They are 
hard to make, cannot be joined together, as in our script, and 
altogether constitute as varied a hodge-podge as ever the un- 
tutor’d mind could desire. As characters they possess but one 
redeeming trait,—once memorized, it would scarcely be possi- 
ble to forget them.’’ In spite of all this, however, ‘‘a few 
hours of instruction are sufficient for a Cherokee to learn to 
read his own language intelligibly,’’ and in two and one-half 
months the Cherokee child ‘‘acquires the art of reading and 
writing fluently in these rude characters.’’ 

The centennial of the invention of the ‘‘Cherokee alphabet’’ 
may well be celebrated by white men and red men alike. 

VI. Salishan. As noted above, when discussing the Chi- 
nookan, the Duployan system of shorthand has been adopted 
by Father Le Jeune for translations (prayers, hymns, cate- 
chism, primer, etc.) in stenographic characters reproduced by 
the mimeograph in the Thompson, Shushwap and Okanagan 
languages of the Salishan stock. After trying, with no suc- 
cess, to teach the Indians to read in English characters, the 
thought came to him, in 1890, to try the shorthand system 
which he had learned as a youth. The account of its incep- 
tion and progress, as given by Father Le Jeune, is as follows 
(Pilling, Chinookan Bibliography, p. 48): 

‘*The first trial became a success. At the end of September, 
1890, a poor Indian cripple, named Charley Alexis Mayoos, 
from the lower Nicola, saw the writing for the first time, and 


> 
4 
i] 
if 
+ 
4 
I 
t 


WRITTEN LANGUAGE BY PRIMITIVE PEOPLES. 77 


got the intuition of the system at first sight. He set to deci- 
pher a few passages of Indian prayers in shorthand. In less 
than two months he learned every word of them, and he soon 
began to communicate his learning to his friends and relatives. 
Through his endeavors some eight or ten Indians at Coldwater, 
Nicola, B. C., became thoroughly acquainted with the writing 
system before April t, 1891. In July, 1891, the first lessons 
were given to the Shushwap Indians; they lasted an hour 
every day for four or five days. Three or four of the best 
young men went on studying what they had learned, and were 
delighted to find themselves able to correspond in shorthand 
in the early fall. During the winter months they helped to 
propagate the system of writing among their people. In the 
meantime Mayoos had come to Kamloops and was pushing the 
work ahead among the young people there. In December, 
1891, the system was introduced to the North Thompson In- 
dians; in January, 1892, to those at Douglas Lake; in Febru- 
ary, at Spuzzum and North Bend; and last of all, in March, to 
those at Deadman’s Creek, near Sarvina. Soon after Indian 
letters came from William’s Lake. In May, 1892, a few les- 
sons were given at St. Mary’s mission to the Lower Fraser and 
sea-coast Indians. Now the Indians teach each other and are 
very anxious to learn on all sides. The most advanced under- 
stand the value of the letters and the spelling of the words; but 
the greatest number begin by reading the words, then learn 
the syllables by comparing the words together, and at last come 
to the letters. They learn by analysis and much quicker than 
by synthesis.’’ 

A facsimile of a page of prayers in the language of the 
Thompson Indian is given by Pilling in his Salishan Bibliogra- 
phy (p. 40), and by Maclean, in his Canadian Savage Folk 
(p. 539). 

VII. Sztouan. According to Rev. John Maclean, the Cana- 
dian Stories of the Siouan stock, ‘‘read the Evans syllabic char- 
acters, and write them freely and neatly.’’ Lord Southesk, in 
his Saskatchewan and Rocky Mountains (London, 1875) writes, 
—the real date is 1859-1860,—thus (p. 250): 

‘‘Our Stony messenger met us on the road, bringing mea 
letter from his people written in the Cree syllabic characters.”’ 

This letter from the Mountain Assiniboines (Stonies) is re- 
produced in this work. 

In 1884-1885, a Winnebago (Siouan stock) Indian of Ne- 
braska, on a visit to the Sac and Fox (Algonkian) acquired 
an ‘‘alphabet’’ in use among these people, which has been de- 
scribed by Miss Alice C. Fletcher in the modified form in 
which it became current among the Winnebagos. Writing in 
1890, Miss Fletcher says: 
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‘‘He taught others of his tribe, and the knowledge spread 
rapidly among the Winnebagos of Nebraska, and also to that 
part of the tribe living in Wisconsin, so that, at the present 
time, the principal correspondence of the tribe takes place by 
means of these characters.”’ 

In August, 1885, the Indian Agent wrote to Miss Fletcher : 

‘“The tribe have suddenly taken to writing their own lan- 
guage, and people who have never learned English have ac- 
quired this art. The people claim they took the basis of it 
from the Sauk and elaborated it themselves. It is a very sug- 
gestive sight to see half a dozen fellows in a group, with their 
heads together, working out a letter in these new characters; 
it illustrates the surprising facility with which they acquire 
what they want to learn.”’ 

The Winnebago ‘‘alphabet’’ is really compounded of alphabet 
and syllabary on the basis of English letters. There are 15 in- 
itial sounds and four vowel modifiers, forming 128 combina- 
tions like syllables; and with these ‘‘one can easily write any 
word in the Winnebago language.’’ There is a certain origin- 
ality about it, for Miss Fletcher tells us: 

‘‘I have examined the Cherokee alphabet, thinking this one 
might be an outgrowth or corruption of that invented by Se- 
quoyah, but it does not seem probable to me.’’ 

She remarks further : 

‘*The education of Indian youths in English has set Indians 
to thinking of how they can preserve their language, and I 
have seen many boys and girls who have labored to make our 
English letters bend about the Indian words. It would seem 
as though we might in time expect several such inventions as 
this chart, but they will all probably have the same fate as our 
own childish devices to create a new language and a new 
alphabet,’’ 

Conclusions. 1. ‘The data recorded above describe efforts by 
white men or by Indians to enable American aborigines be- 
longing to seven different linguistic stocks of North America 
to read and write by means of some kind of syllabary or pho- 
netic ‘‘alphabet.’’ The success achieved is often striking and 
the ease displayed in learning remarkable,—indeed a wide- 
spread facility in this direction is clearly indicated, particularly 
in the case of children and youth (the skill in acquisition by 
adults is also noteworthy). These facts are of considerable 
importance in connection with the problems involved in the 
acquisition of reading and writing by our own children. 

2. The use of these ‘‘alphabets’’ varies from employment 
for the narrower purposes of the missionary, and his reli- 
gious or ecclesiastical needs among some of the northern tribes 
to a national utilization such as is in vogue among the civilized 
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Cherokee and their heathen brethren of the Carolinian moun- 
tains. The total amount of literature of all sorts printed is 
quite large and is increasing in bulk. 

3. The influence upon the Indian tribes of the acquisition 
of the ability to read and write their own language has been 
good and often led to the preservation of interesting material 
that would otherwise have perished altogether. The result of 
the invention of the ‘‘Cherokee alphabet’’ upon that Indian 
people is a reality that might well be compared with the fabled 
achievements of Cadmus in the ancient world. 

4. The sources of these ‘‘alphabets’’ and the inspiration 
which gave them birth are diverse. Father Leclercq got his 
idea from observing the Indian children making marks on 
birch-bark as an aide-mémoire to their prayers; Evans’s and Le 
Jeune’s systems are evidently due to stenographic prototypes; 
Sequoyah was stimulated by an English spelling-book. 

5. Altogether the history of the acquisition of written lan- 
guage by the primitive peoples under discussion forms an in- 
teresting chapter in racial pedagogy and psychology. 
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INTRODUCTION. 


It is commonly admitted by experimental psychologists that 
no final explanation has as yet been offered of those fluctua- 
tions of minimal stimuli and minimal stimulus-differences 
which go by the general name of ‘fluctuations of attention.’ We 
have peripheral theories and central theories and mixed, pe- 
ripheral-central theories; and, without doubt, we have a good 
deal of scattered knowledge about the conditions which under- 
lie the phenomena in certain of the fields of sense. But this 
chapter of psychology is, on the whole, still open. G. E. 
Miller, for instance, writes in 1904 that ‘‘zu feststehenden Re- 
sultaten von allgemeiner Bedeutung haben indessen diese Un- 
tersuchungen, die sich in ihren Ergebnissen und Schlussfolge- 
rungen vielfach wiedersprechen, bisher noch nicht gefiihrt.’’’ 
Unless one is prejudiced in favor of some particular theory, one 
cannot but subscribe to this opinion. 

Considerations of this sort led us to begin a systematic investi- 
gation of the subject which has extended from the winter of 
1903 to the present time. Cutaneous and visual stimuli were 
used; but, since the former gave uniformly negative results, it 
has been possible to confine our attention almost exclusively to 
the latter. We had hoped, likewise, to include auditory stim- 
uli in this series of investigations, but circumstances have ren- 
dered it necessary that we make them the subject of future 
study. 

It has become evident in the course of the work that a com- 
plete account of the fluctuation of visual stimuli must take into 
consideration also the fluctuation of the negative after-image. 
The results of this investigation will be made the subject of a 
second article, to be followed by a third in which the conclu- 
sions of the two preceding articles will be considered from the 
standpoint of theory and in the light of preceding work. The 
present study is a reproduction, with some changes, of a paper 
read before a meeting of experimental psychologists held at 
Cornell University in March, 1904. It has seemed advisable 
to publish it in its present form, rather than to wait for a more 
complete treatment, as was originally planned, because of the 
evident revival of interest in the problem and the appearance of 
the recent papers of Dunlap,’ Killen,® and Hammer.* 

For the sake of clearness, the following order of presentation 
will be adhered to as closely as possible: 


1Die Gesichtspunkte und die Tatsachen der psychophysischen 
Methodik, 1904, IIo. 

2K. Dunlap: Psychol. Rev., XI, 308. 

5B. Killen: this Journal, XV, 512. 

*B. Hammer: Zeits. f. Psych., XXXVII, 363; cf. C. E. Seashore, 
tbid., XXXIX, 668. 
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1st. A statement of theory sufficiently comprehensive to 
render the results intelligible in terms of it. 

2nd. A statement of the lines of investigation. 

3d. Avstatement of results in general. 

4th. A statement of results in detail. 


I. STIMULI. 


(i) Statement of Theory. It is our purpose to show in this 
paper that the intermittences of sensation resulting from min- 
imal visual stimuli which have been referred for explantion to 
fluctuation of attention are, in reality, simply adaptation phe- 
nomena somewhat obscured by the special conditions. 

Adaptation is, in itself, a continuous phenomenon, but its 
continuity is interfered with by eye-movement,’ blinking, etc. 
Through these influences, probably essentially through that 
of eye-movement alone, it becomes an intermittent process, 
whether the stimulus be liminal or intensive, provided that 
proper areas be used. The conditions are especially favorable 
for short periods of intermittence when the stimuli are liminal 
and of small area. 

Eye-movement tends to delay adaptation when the stimulus 
is liminal and of small area. When the stimulus is much above 
the limen and the area very small, complete adaptation is pre- 
vented, because, under these conditions, no one part of the 
retina is stimulated long enough to produce the required physio- 
logical effect. Also, under such conditions, it is of very short 
duration, when attained, because a slight shift of the retina is 
sufficient to produce a complete change in the area stimulated 
and thus to afford the adapted elements the relief necessary to 
the revival of sensation. When, on the contrary, the area is 
very large, these relatively small eye-movements do very little 
towards relieving the part of the retina stimulated; conse- 
quently, complete adaptation takes place much more quickly, 
and persists apparently indefinitely, unless relief be similarly 
afforded by some other agency. Areas ranging from 2 mm. to 
3-4 cm., viewed at a distance of 1 meter or more, are especially 
favorable for short periods of intermittence; hence, in the 
previous investigation of this phenomenon, it is only natural 
that they should have been chosen and the remainder over- 
looked. 

In all experimental work, however, the conditions that are 
unfavorable to the production of the phenomenon are as im- 


1 While working with after-images, this past year, we chanced upon 
another factor in adaptation, which (so far as we can at present tell) 
promises to be important. Just how much it bears upon the fluctua- 
tion of minimal visual stimuli cannot now be stated. We hope, how- 
ever, to discuss it fully in the article on the fluctuation of after-images. 
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portant as, and often more important, for theory, than those 
more favorable. This proves to be true in the case of what 
are commonly called ‘fluctuations of attention.’ 

Our plan of experimentation, in general, has been to isolate, 
and test out separately, the probable factors involved, central 
and peripheral, endeavoring so to vary the conditions as to re- 
lieve introspection of any undue burden of analysis. Where 
the possible factors are numerous and complex, introspective 
analysis unaided can scarcely be relied upon to solve the prob- 
lem. 

(ii) Lines of proof. It is proposed to show: 

(1) That involuntary changes in accommodation are not 
essential factors in the phenomenon. (2) That a stimulus 
which is not, in itself, intermittent, acting upon the optic cen- 
tre, does not produce an intermittent sensation. (3) That all 
liminal stimuli do not fluctuate. (4) That adaptation is an 
intermittent process under the conditions holding for fluctua- 
tion. (5) That adaptation and fluctuation are identical. (6) 
That adaptation is intermittent chiefly because of eye-move- 
ment. (7) That the same correspondence between adaptation 
and fluctuation obtains in indirect vision. 


(iii) Results: General. We have the following results to 
offer at this stage of the work. 


A. INVOLUNTARY CHANGES OF ACCOMMODATION ARE NOT 
ESSENTIAL. 

Aphakial subjects experience these fluctuations with appar- 
ently no greater variation of phase than can be accounted for 
on the ground of normal individual differences. Hence, we 
can conclude that involuntary changes of accommodation play 
no essential part in the phenomenon. 


B. A NON-INTERMITTENT STIMULUS PRODUCES A CONTIN- 
UOUS SENSATION. 

A minimal and continuous light sensation, produced by elec- 
trical stimulation of the cerebro-retinal mechanism, does not 
fluctuate. Here is a liminal stimulus capable of affecting the 
optic centre, and pouring in upon it, the effect of which grad- 
ually dies out, but shows no signs of intermittence. This fact 
would seem to indicate that we must look to the periphery for 
an explanation of fluctuation; for if it were conditioned by cen- 
tral factors, it would be difficult to see why an exception should 
be made in this case, which is distinctive only in that certain 
of the peripheral factors which usually modify retinal stimula- 
tion are omitted. 


C. NoT ALL LIMINAL STIMULI FLUCTUATE. ~ 
Liminal visual stimuli of large area, also certain combinations 
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of stimulus and background with very small areas, do not 
fluctuate. 


D. ADAPTATION IS AN INTERMITTENT PROCESS UNDER THE 
CONDITIONS HOLDING FOR FLUCTUATION. 


Adaptation, in general, with areas equal to those with which 
fluctuations are obtained, is a periodic phenomenon, no matter 
what the intensity of the stimulus used. The condition of a 
just perceptible difference between the stimulus and back- 
ground is favorable, but is by no means essential to the phe- 
nomenon. Any stimulus that will completely adapt into its 
background will do so intermittently within this range of areas; 
while a stimulus whose qualitative relation to its background 
is such that it will not disappear completely shows periodic in- 
crease and decrease in intensity. 


E. ADAPTATION AND FLUCTUATION ARE IDENTICAL. 


Whatever conditions relative to the stimulus, or to the com- 
bination of stimulus and background, affect the adaptation 
time, produce a similar effect on the fluctuation time; the effect 
showing itself either in the phase of visibility, or in the phases 
of both visibility and invisibility. 

Some of the ways by which this correspondence was shown 


are: 

(a) Fading of the stimulus into its proper gray during the 
course of a single fluctuation. In the course of a single fluctua- 
tion a colored stimulus is observed to fade into a gray, of a 
shade depending upon the color used, as always happens in 
complete color adaptation... Further, the times required for the 
several colors to fade sustain a very definite relation to their 
adaptation times. In order of their value from least to greatest, 
they are (for our stimuli) red, green, blue and yellow. There 
is little difference, however, in the times required for the dis- 
appearance of the residual grays in each case. Moreover, such 
differences as do occur are chance variations, as is shown by 
the following averages: red, 1.65 sec.; green, 1.97 sec.; blue, 
1.61 sec.; yellow, 1.65 sec. Thus it would seem that the dif- 
ference in the phases of visibility for these four colors, which 
is the phenomenon discussed in the next section, does not de- 
pend upon their respective brightnesses, but is a duration 
peculiarity of the processes themselves.’ 


1This point is of two-fold importance. (1) It suggests that the 
adaptation time of a color is not a function of its brightness; 7. e., 
yellow and red have in no wise different adaptation times because of 
(2) It shows that the dif- 


to the background, but are true expressions of characteristic differences 
in the color processes themselves. 


ferent visibilities in the fluctuation experiments are not conditioned 
by the relation of the brightnesses or proper grays of the colors used 
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(b) Comparison of fluctuation times with adaptation times for 
colors and grays. Colors and grays were found to have an 
order of fluctuation times corresponding to their adaptation 
times. Four colors, red, green, blue and yellow, gave very 
different fluctuation periods as compared with each other and 
with no. 27 Hering gray. The visibility times obtained were 
in the following order: red, green, blue and yellow, the yellow 
being nearly four times as long as the red. The complete 
adaptation times for sheets of the same colors were found to 
have the same order of length and a rough correspondence as 
to ratio of length. Further, a striking fact came out with re- 
gard tothe phases of invisibility. Since red, forexample, hasa 
shorter phase of visibility than green, one might naturally 
expect that its phase of invisibility would also be shorter than 
the invisibility time of green. The reverse, however, is true. 
Red has a longer invisibility than green, and this peculiarity is 
especially marked if one considers the proportionality between 
the phases, 7. ¢., the ratio invisibility: visibility. The same 
thing is true of the complementaries blue and yellow. Clearly, 
we cannot look for a central explanation of this peculiarity; 
but it seems just what we might expect of adaptation from the 
standpoint of the compensation theory. The recovery process 
for the red is the green process. The green process is longer 
and seemingly more tenacious than the red, as is shown by the 
adaptation experiments proper, and is further borne out by the 
longer duration of the green after-image. A similar relation 
obtains in the blue-yellow process. We have now in progress 
a series of experiments that will enable us to make an exact 
comparison of the recovery times for these four colors. 

(c) Combinations of stimulus and background that influence 
adaptation times correspondingly influence fluctuation times. By 
keeping the background constant and varying the stimulus, or 
conversely, by keeping the stimulus constant and varying the 
background, a difference in the period of fluctuation was ob- 
tained, showing itself chiefly in the phase of visibility. This 
same thing held in the recognized adaptation experiments. 
The variations of the phases of visibility and invisibility that 
were produced in the adaptation experiments were produced 
also in the fluctuation experiments, the only departure from 
precise correspondence being that the differences were more 
marked in the former case, as would be expected from the 
longer duration of the process. 

(d) Method of areas. By adequate variation of the area 
of the stimulus, the phase of visibility was varied from quite 
long with small areas to nearly zero with large, while the phase 
of invisibility ranged from very short with small areas, to ap- 
proximate infinity with large areas, z. ¢., the faded-out stimu- 


4 
+ 
4 
‘ 


FLUCTUATION AND ADAPTATION. 87 


lus did not reappear. Thus the phases of visibility and invisi- 
bility are, inversely to each other, functions of the stimulus 
area. The curve representing the phase of visibility starts 
high on the ordinate and drops down fairly regularly to near 
the abscissa; while the curve representing the phase of invisi- 
bility starts near the abscissa and rises to infinity. The areas 
chosen do not make the phase of visibility infinite with liminal 
stimuli; but it is presumable that an area small enough to do 
this might be found. The curve representing the total period 
begins high on the ordinate, bends down towards the abscissa, 
rises again, and passes to infinity. A similar effect, much 
more marked, was obtained in the adaptation experiments. 
With the smallest areas used above, the spot never disappeared. 
Thus the curve representing the whole period starts at infinity, 
bends down, but not so near to the abscissa as before, rises 
again, and passes back, but much more irregularly, to infinity. 
Further, if we took areas sufficiently large, not only did the 
faded-out stimulus not become visible again under the condi- 
tions of fixation observed in such experiments, but it refused 
to reappear with quite extensive voluntary eye-movements. 
Now there seems no way of explaining these results from any 
peculiarity of function in the centre. In the case of liminal 
stimuli, the intensities were chosen subjectively equal, conse- 
quently there could be no reason for a central discrimination, 
on the ground of intensity, adequate to account for the wide 
range of variation obtained; and as for the adaptation experi- 
ments, a very flood of vaso-motor waves,! etc., would scarcely 
suffice to wipe out stimuli of so great intensity. Ifit be argued 
that it is not fair to attempt to carry over this explanation to 
the adaptation experiments, we must reply that there would re- 
main, then, the very great difficulty of explaining the close cor- 
respondence in the results obtained in the two series of experi- 
ments, if entirely different causes were ascribed to the two sets 
of phenomena. In favor of physiological rhythm, it might be 
said, however, that there seems a bare possibility of establish- 
ing a connection between it and eye-movement. But only in 
this way could it fit into a theory that should explain all the 
results cited above. Again, if from any standpoint it be 
argued that central factors? are involved in eye-movement, 
blinking, etc., and that these influences, therefore, make for a 
central theory, we reply that the movements are more likely 
to be reflex, made in sympathy with the changes and needs of 
the retina. But granted that they are central, they still play 
no greater part in the explanation of the phenomenon than is 


'J. W. Slaughter: this Journal, XII, 313. 
2E. A. Pace: Philos. Studien, VIII, 388; XX, 232. 
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the case with adaptation in general. The part played by all 
of these factors becomes a common problem, to be investigated 
in connection with adaptation, and not substituted for it as a 
vera causa. ‘There seems, likewise, little chance of explana- 
tion of these results from the side of attention. In fact, they 
seem to be precisely contradictory of any theory that seeks its 
account from this source. Increase in area of the stimulus is 
presumed to be equivalent to an increase in intensity, as re- 
gards its noticeability or its efficiency’ for attention. Effi- 
ciency, or whatever may be considered as its equivalent in 
these results, let the criterion be what it will, is reduced to a 
minimum. 


F. ADAPTATION IS RENDERED INTERMITTENT CHIEFLY BY 
EYE-MOVEMENT. 


That eye-movement? is chiefly responsible for the intermit- 
tence of adaptation seems evident from the results. Blinking 
might enter in, as an occasional factor, to delay adaptation or 
cause the reappearance of the faded-out stimulus; but it is 
much too infrequent to explain all of the reappearances. Be- 
sides, it could offer no explanation for the difference in the 
times of visibility and invisibility for the different areas, since 


1 There are, probably, two factors which give an increased area an 
increased efficiency for attention. (1) There is an actual increase in 
the intensity of the sensation. For example, when our stimulus was 
obtained by light transmitted through opal glass, the source of light 
had tobe moved farther away in order to give a liminal effect when 
the area of the stimulus diaphragm was increased. Likewise, when 
the stimulus was seen by reflected light, the opal glass plate had to 
be moved farther out from the background when the area of the stim- 
ulus was increased. (2) The increased area occupies more of the field 
of vision; hence the rival area is not only of less extent (fewer dis- 
tracting factors, etc.), but is pushed more and more into the field of in- 
direct vision. The first factor was ruled out by decreasing the intensity 
of the stimulus until it was liminal. The second, however, operated to 
give our large areas greater efficiency for attention. But in spite of 
this, the large areas, although favoring rapid adaptation, gave us 
minimal visibility. Besides helping to make our point for adaptation, 
this result serves as a striking illustration of how little the central 
factors avail against the peripheral in so-called sensory attention. 

2 The other factor conditioning adaptation is probably, likewise, 
essentially dependent upon eye-movement. At least, the modification 
which gives it a bearing upon this problem is caused by eye-move- 
ment. The effect produced is, similarly, a freshening of the adapted 
elements, and will be understood, throughout the discussion, to sup- 
plement the change produced by shifting the adapted elements into a 
region of different stimulation. Since its action in point of time fol- 
lows immediately upon eye-movement, and does not change, but only 
supplements, the restoration produced by change of stimulation, there 
was little apparent need of it to explain the results of the following 
tables. Hence, had it not come to light in the work on after-images, 
it probably would have been entirely overlooked. 
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the amount of relief afforded in each case would be the same. 
Eye-movement alone seems adequate to do this. 

That eye-movement produces its effect in the manner we 
have stated probably needs further proof. Hess has contended 
that a spot once adapted-out will not reappear so long as fixa- 
tion is held perfectly steady; but his experiments do not indi- 
cate how eye-movement causes reappearance. MacDougall? 
explains the effect of eye-movement upon the reappearance of 
minimal visual stimuli on the basis of innervation. Innerva- 
tion, however, could not account for phases of invisibility 
ranging from nearly zero to infinity; besides which, extensive 
voluntary eye-movements were wholly ineffective to revive 
sensation in the case of the largest areas used. Similarly, the 
mechanical effects of pressure, etc., are ruled out. Hence we 
seem not only warranted, but forced, to fall back for explana- 
tion upon an actual shift of the adapted elements away from 
the area of stimulation. 

A more direct experimental confirmation, than was afforded 
by the method of variation of areas, of the view that eye- 
movement interferes with the course of adaptation, and is also 
the conditioning factor for the wide range of variability found 
in the phases of visibility and invisibility in the fluctuation 
experiments, is given by the following results. An examina- 
tion of the average frequency of eye-movement in the horizontal 
and vertical planes during fixation showed that three of our 
observers had a marked excess in both frequency and range in 
the horizontal, while the fourth had an excess of frequency in 
the vertical, but of range in the horizontal plane. This ap- 
peared to mean that, for three observers, there was a greater 
change of stimulation, and consequently greater relief for the 
adapted elements, in the horizontal than in the vertical direc- 
tion, while the reverse was true, though probably to a less 
degree, for the fourth. To test this interpretation, stimuli 
longer than broad were used,*¢. g., slips of paper 5 mm. x 
40mm. When these were placed with the longer dimension 
vertical, the shorter dimension would fall in the direction of 
greater unsteadiness of fixation for the three observers who 
had the excess of eye-movement in the horizontal plane. Con- 
sequently, a maximal interference with adaptation for these 
stimuli would be obtained, and one might expect an increase 
in the phase of visibility and a decrease in the phase of invisi- 
bility. On the other hand, if the longer dimension were placed 
in the horizontal and the shorter in the vertical plane, a mini- 


1C. Hess: von Graefe’s Archiv, XL, 2, 274. 

2W. MacDougall: Mind, XI, 316; XII, 289. 

®This procedure was suggested by Professor L. Witmer, of the Uni- 
versity of Pennsylvania. 
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mal interference possible to these stimuli would be secured, and 
a decrease in the phase of visibility and an increase in that of 
invisibility should ensue. For the fourth observer, with the 
stimulus arranged as described above, the reverse should be 
true; but probably not in so marked a degree, since his range 
was greater in the horizontal, and this fact to a certain extent 
counteracted the effect of frequency. This observer also had 
an astigmatism in the vertical plane, which caused the stimulus 
to become spreading and diffuse in the horizontal, a result 
equivalent to greater breadth for adaptation. 

That these methods of arrangement of stimulus caused a 
marked change in the phases of visibility and invisibility for 
each observer will be seen by inspection of the Tables. Indeed, the 

visibility ~invisibility 
correspondence between the quantities: —...-_.—.—_..,.,.|4 
frequency visibility ‘+-invisibility 
—— ; is much closer than was anticipated. 
frequency 


G. CORRESPONDENCE OF ADAPTATION WITH FLUCTUATION 
IN INDIRECT VISION. 

To show that fluctuation in indirect vision is not a special 
phenomenon, but that the correspondence between adaptation 
and fluctuation obtains here as well as in direct vision, the fol- 
lowing set of experiments was carried out. (1). Beginning 
with direct vision, a limival stimulus was moved successively 
4, 8, 12, 16, etc., cm. towards the periphery, and records were 
obtained at each point. A parallel set of records was obtained 
with the same stimulus at full intensity. Both sets of records 
showed a fairly regular decrease of visibility and increase of 
invisibility as the stimulus was moved towards the periphery. 
The adaptation times obtained in a separate series of experi- 
ments with the same stimulus also showed a corresponding de- 
crease from direct vision to periphery. 

(2). Anincrease of area with liminal stimuli in indirect 
vision gave a decrease of visibility and an increase of invisibil- 
ity, very much the same as was obtained for direct vision. 

There seems little doubt that all the results secured for direct 
vision could have been paralleled for indirect vision. The above 
series, however, satisfied us that the phenomenon here is essen- 
tially the same. It seems, then, that the conclusion is justified 
that adaptation causes the disappearance of the stimulus, and 
unsteadiness of fixation the wide range of visibility and invisi- 
bility in case of different areas, and the restoration when com- 
plete adaptation has set in; and that this effect is due to relief 
of adapted elements by actual shift away from the area of stim- 
ulation, or rather into a region of different stimulation.’ 


1Together with the supplementary factor mentioned but not speci- 
fied above,—if this prove to have the efficacy which we now incline 
to ascribe to it. 


FLUCTUATION AND ADAPTATION. gi 


H. Facts OF MINOR IMPORTANCE. 


The following facts of minor importance may also be 
cited. 

(a) Result of increasing the distance of the observer. 'The 
effect of increasing the distance of the observer from the stim- 
ulus was tried The area subtended by the stimulus on the 
retina follows the law of inverse squares. Although the phase 
of visibility increased and the phase of invisibility decreased 
with the increase of the observer’s distance, still the results did 
not at all closely follow those obtained by the corresponding 
variations of area observed at a distance of 1 meter. The phase 
of invisibility increased much more rapidly with the increase 
of distance than was demanded by the law of inverse squares. 
This seems to argue in favor of eye-movement; for the greater 
the observing distance, the greater is the shift of the adapted 
elements away from the stimulating area with each eye-move- 
ment; hence the greater is the interference with the course of 
adaptation. 

(b) Connection between reappearance, and conscious eye- 
movement and blinking. Experiments for recording’ the con- 
nection between reappearance and conscious eye-movement 
and blinking showed coincidence in from one-third to one-half 
the total number of cases. 

(c) Effect of moving the eyes voluntarily. Records of series 
in which an observer purposely moved his eyes at short inter- 
vals showed very few fluctuations. Another observer was 
directed to relieve the strain when, and as, impulse directed. 
No fluctuations were experienced in one revolution of the 
drum: 102 secs. 

(d) Effect of momentary cessation of the stimulus. Anything 
else that temporarily relieved the retina, such as the interposi- 
tion of some object between the source of light and the screen 
when the spot was made visible by transmitted light, caused 
reappearance when the spot had vanished, and delayed disap- 
pearance when the spot was visible. 

(e) Lnfluence of practice. An inexperienced observer usually 
obtained longer times of visibility and shorter times of invisi- 
bility until a certain stage of practice was reached. Some, in- 
deed, were unable at first to get fluctuations at all. This is 
precisely what would be expected as the result of unpractised 
fixation upon adaptation. Further, the result seems incom- 
patible with the theory of fluctuation of attention, for one 


1The method of recording was simple. When reappearance came 
with conscious eye-movement or blinking, O substituted for the usual 
release of the key an extra pressure and immediate release. With 
practice, this method offered little if any distraction. 
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would expect practice to increase, certainly not to diminish, 
efficiency of attention. 

Again: towards the close of a sitting, with one of our ob- 
servers, the phase of visibility began to lengthen and the phase 
of invisibility to decrease very perceptibly: in a few cases so 
much so, that disappearance did not come at all. At these 
times the observer complained of eye-fatigue and inability to 
fixate steadily. This result, too, testifies for adaptation and 
against central factors. 

(f) lntrospective evidence. Introspection also furnishes val- 
uable evidence. For all observers the spot faded gradually,’ 
and as this process went on the strain of attention increased, 
reaching its maximum with the disappearance of the stimulus, 
and continuing until reappearance, when momentary relief was 
experienced. The natural attitude of our observers seems to 
have been to hold the sensation as long as possible. Hence it 
was to be expected that the strain should increase with the de- 
crease of the sensation. Had their attitude been different, had 
they, for instance, been instructed that disappearance was the 
thing to be expected and attained, it is possible that relief 
might have come with invisibility: that relaxation of attention 
might then have ensued. Even so, it would have been the re- 


sult and not the cause of the disappearance. Moreover, the 
conditions of the experiment make for stimulation rather than 
for fatigue of attention. The constantly changing stimulus, 
the unexpected reappearances, etc., are attention-compelling to 
a high degree. There is no monotony. There are rather ele- 


1 The conflicting reports on this point in the literature have prob- 
ably been due to the peculiar difficulties attending observation with 
the Masson disk. With stationary stimulus and background, such as 
were used by us, there is no doubt that the stimulus disappears grad- 
ually. If, on occasion, the actual change in intensity could not be 
detected, the disappearance was gradual and progressive in point of 
area, the background encroaching upon the stimulus from one direc- 
tion or another. More will be said about this type of disappearance 
in a later article. 

If it be contended that stimuli whose intensity can be detected in 
decrease are not liminal, we reply that, in practice, just noticeability 
is not so consistently obtained that the detection is impossible. We 
have worked most carefully to get this degree of intensity, approach- 
ing the point from either direction, and still the observer would report, 
during the course of the fluctuation, that the stimulus faded out. 
What holds of our stimuli has probably held also of others; for we un- 
doubtedly succeeded in getting finer adjustments of intensity with the 
arrangement finally adopted than was possible with the Masson disk. 
With the Masson disk itself fading was recorded by our observers. 

Dealing, as we did, with many degrees of intensity, facility for 
judging intensity changes was naturally acquired. During this time, 
besides, two of our observers were regularly working on the deter- 
mination of visual limens. 
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ments of fascination. As one observer stated, ‘‘one is always 
on the alert to see what will happen next.’’ In fact, were we 
endeavoring to demonstrate an unwavering attention, scarcely 
a better set of conditions could have been selected. 

It will be understood here, as elsewhere in the discussion, 
that our contention is not that attention does not fluctuate.’ 
That is a question aside. We are merely concerned with show- 
ing that certain phenomena, that have usually been attributed 
to fluctuation of attention and cited as its classical demonstra- 
tion, are to be otherwise explained. That there is fluctuation 
on the content side of consciousness goes without saying: the 
sensation comes and goes. But we believe not only that this 
fluctuation is to be explained wholly by reference to the sense 
process, but also that the associative factors that aid in the ex- 
altation of the sensation are all the more active because of this 
sinking of the content below the limen on the peripheral side. 
We may add then that, in so far as the facilitation of the process 
elevated to prominence, or the inhibition of other processes, 
depends upon associative factors, it should be maintained that 
the conditions of these experiments make for an exalted and 
sustained attention. 


(iiii). General description of method and apparatus. Before 
going more into detail as to method and results, we may re- 
mark that all devices that did not produce decided changes of 
result have been considered as worthless for yielding evidence 
in a case where without change in the experimental conditions 
the variations are so considerable. One finds cited in the lit- 
erature, as due to some change in method or in support of some 
particular theory, variations no greater than our records 
showed from day to day without any change in the experi- 
mental conditions. There is, in dealing with this problem, 
especial need for clearly cut and decisive methods of experi- 
mentation, as well as for extreme caution in referring slight 
changes in result to a variation of experimental conditions. 


4In so far as attention is considered as a state or mode of conscious- 
ness, it may be said to fluctuate. But interpreted in this sense, it is 
ruled out for purposes of explanation. We must look, instead, to the 
processes concerned in giving this particular state or mode to con- 
sciousness. The above paragraph is written from the point of view of 
the central processes involved. If we are to investigate the action of 
these processes, it would be well to have consciousuess as purely cen- 
tral as possible, z. ¢., ideas should be worked with, instead of sense 
pene. The changing content given by the peripheral process is 

atal to the determination whether the central processes will act con- 
tinuously for any length of time in a given relation. 

In general, we probably recognize too little the difference between 
attention where the content is peripheral, and attention where it is 
central. The distinction should undoubtedly be made in any discus- 
sion of fluctuation. 
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We have even found it necessary not to be obliged to compare 
results obtained at different sittings, because of the subjective 
changes that occurred from time to time in spite of experi- 
mental control. Our comparisons have, therefore, been 
planned in series to be finished at a single sitting, and the 
order of their presentation has been changed so as to compen- 
sate as much as possible for probable changes in the condition 
of the eyes and fixation-apparatus from the beginning to the 
close of the period. Series, then, were compared from day to 
day, rather than the members needed to make a single series. 

For registration, throughout all of the work, a Ludwig- 
Baltzar kymograph was used; together with a Marey tambour 
and bulb, whereby the entire course of the fluctuation as well 
as mere appearance and disappearance could be traced, when 
desired; and an electromagnetic time-marker in circuit with a 
metronome, enclosed ina soundless box. All of this apparatus 
was screened from the observer by a sliding curtain. The 
work was done mostly in a long room, the ‘reaction room,’ 
with the windows all at one end. Thus cross-lights, unequal 
illumination of the background, etc., could be avoided. The 
observer sat with his back to a high window and his head in a 
head-rest fastened to the edge of a long table, along which 
the frame bearing the stimulation apparatus was moved as 
required. The time unit throughout is I sec. 


(v) Results. (Jn detail.) It is scarcely necessary to men- 
tion that the results, unless otherwise stated in the tables, are 
averages obtained from a large number of records. In the 
main, throughout the work, they were confirmed not only by 
the writer and the observers cited: viz., Misses Fitch (/) and 
George (Ge) and Messrs. Sabine (.S) and Galloway (Ga), 
but also by a number of the students of the junior training 
course, either as a part of their regular work, or as substituted 
for it. Where results have not been obtained from all of the 
regular observers, this has been due solely to lack of time. S 
and Ge gave the least and Ga the longest time to the work. 
All four observers were students in the department of psychol- 
ogy, and had had laboratory training. Ga had also had ex- 
perience with the problem, both as experimenter and observer, 
at the University of Michigan. 


A. INVOLUNTARY CHANGES OF ACCOMMODATION ARE NOT 
ESSENTIAL. 

Two aphakial subjects were experimented upon. One of 
them had so little accommodation that words in fine print could 
not be moved more than 2 mm. farther from or nearer to*his 
point of clearest vision (determined by the focus of his glasses) 
without becoming less distinct. His head was clamped in a 
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head-rest, and the card slid along a meter rod at the level of 
his eyes in the median plane. Every precaution was taken to 
secure accuracy. It may safely be said that the man was prac- 
tically without accommodation. As was stated before, the 
results obtained from both of these men were uniformly nega- 
tive, z. ¢., no greater variations were found than can be ex- 
plained on the ground of normal individual differences. 


B. A NON-INTERMITTENT STIMULUS PRODUCES A CONTINU- 
OUS SENSATION. 


The well-known fact that make or break of a direct current 
produces a flash of light, if the electrodes are properly applied, 
led us to believe that, if the current were rapidly interrupted, 
these flashes might be caused to fuse into a continuous sensa- 
tion. This proved to be true. An interrupter so constructed 
that six makes and breaks occurred with every revolution of 
the interrupting cylinder was used. It was driven by a motor, 
and its speed of revolution was regulated by a transformer,’ 
so finely graduated that a change of a single interruption could 
be obtained. In circuit with the observer and the battery was 
inserted a resistance rack of German silver wire, also a West- 
inghouse ammeter graduated in milliamperes. By this ar- 
rangement it was possible to keep the current flowing through 
the circuit absolutely constant. A speed indicator was also 
used. ‘This was rendered necessary for the double reason that 
the quality of the stimulus depended upon the rate of inter- 
ruption, and that any change in the rate influenced the amount 
of current flowing through the circuit. This latter phenome- 
non was probably due to induction effects in the coils of wire 
used. The number of Leclanché cells required to produce the 
stimulation was usually eight, although as few as four and as 
many as twelve were used for different observers. The current 
flowing through the circuit, when liminal effects were obtained, 
ranged from one to two milliamperes. The one electrode was 
placed in the hand and the other, a sponge electrode, above 
the eye on the nasal side. The observer was stationed in the 


1 The speed-transformer, made to our order, was in the form ofa 
segment of a cone, with a grooved surface for the retention of the 
motor and interrupter belts. The dimensions of the segment were 
such that the decrease in circumference from groove to groove was 
very small. This arrangement, together with graduated pulleys on 
the motor and interrupter, made very slight changes of speed possible. 

The interrupter consisted of two brass cylinders with six equal open 
and closed spaces on either surface. An insulating cross-section sep- 
arated the two cylinders. This duplicate arrangement was not neces- 
sary, except that it made the connections more convenient for our 
purpose, and that, by a proper setting of the brushes, the instrument 
could also be used as an alternator. The motor and interrupter were 
mounted on sliding frames, in order that the belts might be kept taut. 
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dark-room, and allowed to adapt. Then the current was ap- 
plied, and carefully worked down until liminal effects were 
produced. The sensation chosen for observation was of the 
nature of an irregular patch or cloud of light, varying in color 
for different observers through violet, blue, and yellow. 

The sensation, when liminal, usually lasted about 30 seconds, 
gradually fading out, and in no case reappearing however long 
the current was applied. The effects obtained at different rates 
of interruption show differences. Lower rates usually pro- 
duced a series of flashes, in which more or less irregular pat- 
terns were made out. A little higher rate produced bars on a 
colored background. With a still higher rate, the bars as- 
sumed a radial position around a dark opening fringed with 
colored light. Here began the transition stage. An increase 
now gradually changed the effect to an uniformly colored field. 
This fusion usually came at rates ranging from 85-100 inter- 
ruptions per second. One observer at 80 saw a dark violet 
field; at 85, purple; at 100, blue; and from 120-162, yellow. 
It would be interesting to discover whether there is a definite 
order in the succession of colors for all observers as the rate is 
increased. The point being merely incidental to our purpose, 
the investigation was not carried far enough to determine this. 

That the retina is stimulated is indicated by the following 
experiment. A rate of interruption was chosen that would 
produce bars. The observer stimulated each eye separately 
and noted the patterns obtained. Then the electrodes were 
applied above both eyes simultaneously. It so happened that 
the bars for one eye were inclined towards the horizontal, and 
for the other towards the vertical. When both eyes were 
stimulated at once, and the fields superposed, the two patterns 
still remained distinct, with the bars set obliquely to each 
other. As to whether the visual substance was involved, the 
experiment showed that there was always an after-effect, which 
behaved much as after-images do. However, there was rarely 
any trace of complementary coloring. In any event, the result 
goes to prove that a continuous stimulation, reaching the optic 
centre, does not produce an intermittent sensation. 

The data of C. and D. are, for convenience, subsumed under 
E., to aid in showing the correspondence between adaptation 
and fluctuation. 


C, D, E. ADAPTATION AND FLUCTUATION ARE IDENTICAL. 
CORRESPONDENCE IS SHOWN BY: 

(a) Fading of the stimulus into its proper gray during the 

course of a single fluctuation. A Masson disk of the standard 

dimensions was used. ‘The colors (Hering standard) were 
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red, green, blue, and yellow. The background was neutral 
engine-gray, darkened by 180° of velvet black. 

The change into a gray differing from the background was 
first reported by Dr. Bentley. Better to bring out the phenom- 
enon, a comparison ring of gray was made concentric with the 
colored ring. The judgment was difficult, and it has not been 
possible as yet to repeat the experiment under more favorable 
conditions. The grays into which the colors changed were 
judged of different brightnesses in the order, from least to 
greatest, of blue, red, green, and yellow. These grays corres- 
pond to those obtained when these particular colors, saturated, 
were adapted down. 

Adaptation, then, evidently carries the colors to the limen. 
That it is also adequate to get rid of the gray remaining can- 
not be questioned. Consequently, it does not seem necessary 
to supply another process to complete the disappearance, espe- 
cially when there is nothing in the course of the phenomenon 
to indicate the need of such a supplement. Introspection 
shows the change from start to-finish to be uniform and contin- 


TABLE I.} 


Ga. Fading of a color into its proper gray during the course of a sin- 
gle fluctuation. 


Number of 

Order of 
Stimulus Fluctua- -| Brightness 
tions of Gray 


Red, 2x5 mm. . -65 , 3d. 
Green, ‘“ 4 2d. 
Yell’w,* 1.6 Ist. 


uous. It will be noticed that the difference between the total 
phase of visibility for the four colors in Table I is not nearly so 
great as it is in Tables II, III, IV, and V. The recovery-pecu- 
liarities characteristic of adaptation are also much less notice- 
able in the phases of invisibility. This difference in result is 
always found when the data for the Masson disk and the sta- 
tionary system are compared. 

(b) Comparison of adaptation time and fluctuation time for 
colors and grays. (1) Fluctuation. Squares of paper were 


1The writer must apologize to the reader for the ragged appearance 
of this and the following Tables, owing to the various number of deci- 
mal places to which the calculations have been carried out; and must 
also deprecate any claim to especial accuracy in the case of the longer 
decimals. He had intended to round-off the figures to two places, but 
this was inadvertently omitted. Rather than delay the printers, he 
has allowed the Tables to stand as they were in MS. 
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pasted upon gray card-board and placed behind an opal glass 
plate. They were thus seen by reflected light through the opal 
glass. The intensity was easily regulated by slight changes in 
the distance of the plate from the card-board. Different makes 
of standard colors were used at different times. The stimuli 
for the following Tables were cut from Milton-Bradley papers. 
The size of the squares was, in each case, 2 cm. x 2 cm., and 
the distance of the observer 1 meter. All other conditions were 
the same throughout. 
TABLE II. 


Ga. Comparison of fluctuation time with adaptation time using colors 
and grays. Fluctuation: showing that visibility and invisibility 
have characteristic adaptation and recovery peculiarities. 


Stimulus Vis. 5 ee M. V. Invis.| Vis. Period 


Gray, 2x2 cm.| 4. |1.24 

Green, ‘‘ -80 [1.213 | .824 
Blue, 1.181 |1.513 | .661 


Yellow, -46 | .337 2-42 -413 


TABLE III. 
S. Comparison of fluctuation time with adaptation time using colors 
and grays. Fluctuation: showing that visibility and invisibility 
have characteristic adaptation and recovery peculiarities. 


Vis.: | Invis.: 
Stimulus . |[M. V. Wis. Period 


Gray, 2x2cm.| 3. 1.053] 2- -533 | 1-502 5-78 

Red, -338) 2. -527 -4761 4-133 
Green, ‘‘ -506} 2. -575 | 1-154 -866 5-237 
Blue, ‘“ -836) I. -326 | 1.799 | .562 4-979 
Yellow, I.257| I. -537 | 4-504 6.814 


TABLE IV. 
Ge. Comparison of fluctuation time with adaptation time using colors 
and grays. Fluctuation: showing that visibility and invisibility 
have characteristic adaptation and recovery peculiarities. 


is.: | Invis.: 
Stimulus V.| Invis.|M. V. is. | Vis. Period 


Gray, 2x2cm.| 3. 2.028) . ‘J 5-743 


5-95 -608) . 7-516 
Green, 96 | 5.6 8.77 
Yellow, ‘ 1-354 8.554 


7-84 
5-74 
6.768 
9-435 
1.835. 

| 
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TABLE V. 


F. Comparison of fluctuation time with adaptation time using colors 
and grays. Fluctuation: showing that visibility and invisibility 
have characteristic adaptation and recovery peculiarities. 


Vis.: | Invis.; Period 


Stimulus Vis. |M. V.|Invis. ‘| invis.| Vis. 


Gray, 2x2 cm. -786 | 2.54 | 1.498 6.3466 
Red, -287 | 3.362] . -737 | 1-355 5-843 
Green, ‘“ -462 | 2.85 | . 1.245 -802 6.40 
Rime, “ “ ‘ -653 | 2-793] - 1.283 | -779 6.379 
Yellow, -791 | 2-141} 2.202 -453 6.857 


Attention is called again to the fact that, as would be ex- 
pected from the compensation theory, red and blue have longer 
phases of invisibility and shorter phases of visibility, respect- 
ively, than green and yellow. The relative value of the invis- 
ibilities as compared with the visibilities in each case is 
expressed by the ratio invisibility: visibility. 

(2) Adaptation. To test the correspondence of these re- 
sults with those obtained from adaptation, sheets of colors of 
the same make were placed behind lightly frosted glass and 
observed at distances ranging from 2-3 meters. Just how 
much the intensity was lowered by these conditions we are not 
able to say,—probably not one half. This does not matter, 
however, so long as each color was tested under precisely the 
same conditions, since only comparative values were wanted. 

The following results were obtained : 

Obs. G. Distance: 235 cm. Time unit: 1 sec. 

Red 
Green 
Blue 
Yellow 

Because of the severe eye-strains, the intensity was further 
reduced for F by placing the color 11 cm. behind the frosted 
glass. 

Obs. F. Distance: 235 cm. ‘Time unit: 1 sec. 

Red 


Green 
Blue 
Yellow 
For S, the color was placed 19 cm. behind the frosted glass. 


Obs. S. Distance: 300cm. Time unit: 1 sec. 
Red 
Green 
Blue 
Yellow 
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The order is the same as was obtained in the fluctuation ex- 
periments; and a comparison of the Tables will show that a 
rough correspondence holds in the ratios sustained between 
the phases of visibility and the adaptation times in each case. 

It may be objected that the colors used were not standard- 
ized. We are, however, not attempting to state results for 
standard colors. Our sole aim is to show correspondence be- 
tween adaptation and fluctuation. This has been accomplished 
by using identical colors in the two sets of experiments. It 
could have been done no better, we believe, by using stand- 
ard colors. 

(c) Combinations of stimulus and background that influence 
adaptation time correspondingly influence fluctuation time. (1) 
Fluctuation. For this point so far the Masson disk has been 
used. From all the colors tried as background, light greenish 
blue (Hering), yellowish green (Milton-Bradley), yellow (Mil- 
ton-Bradley), orange (Hering), gray, and in one case dark 
red (Milton-Bradley) were selected for the following Tables. 
The stimulus strips were 2 mm. x 5 mm., and were placed 
8 mm. apart along the radius. They were, with one excep- 
tion, of Hering red. 

This method we consider very unsatisfactory. In the first 
place, results never stand out so clearly with the Masson disk 
as when the system is at rest: judgments are difficult; distrac- 
tions are many, and gradations of intensity, neither so constant 
nor even so delicate, can be obtained. And, secondly, as our 
disks were made, the stimulus color was rendered liminal by 
mixing with the color of the background rather than with a 
gray of its own brightness. If we take, for example, a red 
stimulus upon a light blue background, the effect obtained was 
a faintly reddish blue upon a blue background, slightly differ- 
ing from it in brightness. But even this approximation to the 
desired conditions was sufficient to vary the phase of visibility 
to a rough correspondence with the results obtained with a 
similar combination of stimulus and background in the adapta- 
tion experiments. 

(2) Adaptation. Here, likewise, red at full intensity disap- 
pears most readily upon the light blue; not quite so readily 
upon the gray used; and never entirely goes into the back- 
ground, although the color is lost periodically, upon the 
orange, yellow, and yellowish green. Yellow on dark red is 
peculiarly persistent. 

In addition to the combinations here used, we have tried a 
number both of grays and of colors, and are satisfied that 
whatever alters the conditions for adaptation correspondingly 
alters the conditions for fluctuation. 

(d) Method of variation of areas. (1) Fluctuation. This 


4 


FLUCTUATION AND ADAPTATION. 


TABLE VI. 


Ga. Combinations of stimulus and background that influence adaptation 
time. Fluctuation. 


Stimulus Background | Vis. |M. V.|Invis./M. V. 


Yellow, 2x5 mm./Dark red 6.512|1.012 | 3-887) .g12 


Red, 2x5 mm.|Light Blue 2.287| .681 | 3- 
2. 
2. 


-631 
600 


-362 

78 | . 

|Orange 4-709] .I127| 2.936) .663 

‘lyellowish Green |4-130|I.161 715| -800 

6 6 68 
180° Velvet Black | 3-208/1-1 


TABLE VII. 


F. Combinations of stimulus and background that influence adaptation 
time influence fluctuation 
time. Fluctuation. 


Stimulus Background | Vis.|M. V.|Invis. 


2x5 mm. Light blue -969 

180° Engine Gray 


180° Velvet Black 


-983 


method was tried both upon the Masson disk and with the opal 
glass plate as a background. The results in both cases were 
unquestionable; but, as before, those given by the stationary 
system were much the more satisfactory and much the more 
clearly cut. Because of this, and chiefly because the disk did 
not permit enough variation of area, the Masson disk will be 
omitted from further consideration in this paper. 

A stimulus was obtained upon the opal glass plate by light 
coming from a bank of lamps behind it, passing first through 
a plate of frosted glass, then through the opal glass itself. 
The magnitude of the stimulus was regulated by a card-board 
diaphragm behind the screen; its intensity, by varying the 
distance of the lamps, also by means of a curtained window in 
front. This photometric arrangement provided a very sensitive 
means of obtaining a just noticeable stimulus. After the ini- 
tial adjustment was made, great care was taken that the illumi- 
nation of the background should remain constant throughout 
the experiment. 


Vis.: : 
Period 
1.6856, 7.388 
1.600 | 7.645 
1.521 6.845 
“ 1.106 6.893 
TTT 1.675 | 10.399 
Vis.: 
cal M. V. Invis. Period 
Red, = 6.064 
“ 7-69 
7-60 
“ “ | 2.9 -292 2.95 -628 | 5-85 
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TaBLE VIII. 


F. Method of variation of areas. Fluctuation: showing inverse varia- 
tion of visibility and invisibility with increase of area. 


Invis. . V. |Vis.: Invis. 


21.075 
II .24 
3-71 


@ 


nN 

Ov 


40.25 
No reappearance. 


For F, beginning at areas ranging from 1o cm. x 10 cm.— 
14cm. x 14cm. in the different records, it was noticed that 
only the edge of the lower left hand corner and left side reap- 
peared. 

The results of this Table have been thrown into the form of 
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Curve for visibility. TasLe VIII. Showing decrease of visi- 
bility with increase of area. 
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Area Vis. | M. V. Period 

2x 2 mm. 16.86 4-83 -28 17-66 
qq “ [2.93 | 3-53 -38 14.08 
6x6 “ 10.78 3-8 -83 
8x 8 5-65 1.53 2.23 -4I 
IoxIo 4-74 1.32 -34 -63 2.023 7-09 
I2x12 ‘ 4.22 -97 -72 -57 1.551 6.94 
14x14 “ 4-35 1-29 +2 -46 1-359 7°55 
16x16 ‘‘ 3-96 1.22 -918 | .59 1.360 6.878 
6x 6 cm. 3-73 I.II 2 -77 -717 8.93 ; 
IoxIo ‘‘ | 2.8 -073 | 10.46 
14x14 8 5 (4-66 -027 | 30.26 
18x18 ‘‘ -85 -45) -02I | 40.10 
22x22 ‘‘ 1.4 
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acurve. The dimensions of the stimulus are laid off along the 
abscissa, millimeter for millimeter; the time values along the 
ordinate, on the scale of 1 second to 5 millimeters. The last 
and more horizontal part of the curve for visibility represents 
the reappearance of the edge of the left side and the lower left 
hand corner. 


CurvE II. 


Curve for invisibility.. Taste VIII. Showing increase of in- 
visibility with increase of area. 


CurvVE III. 

Curve for visibility : invisibility. Taste VIII. Showing de- 

crease with increase of area, 


1In this and the following curves invisibility is platted as a negative 
quantity. 
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TABLE IX. 


Ga. Method of variation of areas. Fluctuation: showing inverse vari- 
ation of visibility and invisibility with increase of area. 


. |Vis.: Invis. 


+2 


No reappearance. 


For Ga, with an area of 10 cm. x 10 cm., only about one 
third of the area covering the lower left hand corner reappeared. 
From that area on, the part reappearing became less and less, 
until finally there was no reappearance at all. 

The reappearance of the lower left hand corner alone in the 
case of the larger areas led to the belief, after a time, that 
the stimulus was stronger in this region. This was all the 
more probable, because the window was somewhat above and 
to the right of the observer, thereby illuminating the back- 
ground around this corner slightly less than the rest of the 
field. In consequence, this part of the stimulus stood out 
slightly supraliminally. To obviate this difficulty, stimuli of 
Hering gray, no. 27, were pasted upon engine-gray card-board 
and placed behind the opal glass plate. The intensities were 
easily regulated by slight changes in the distance of the plate 
from the card-board. Since both stimulus and background 
were now seen by reflected light, the former inequality of rela- 
tion between them was impossible. The rather remarkable 
change of results obtained makes it worth while to note the 
following Tables. 


TABLE X. 


F. Method of variation of areas. Fluctuation: showing inverse variation 
of visibility and invisibility with increase of area. 


Area | Vis. i. ee is. | . V. |Vis.: Invis.| Period 


3x 3 mm. 4-435 ‘ , ‘ &. 8.72 
6. -218 -498 


6x6 3-372 10.144 
IoxIo | « 14.889 
20x20 3-31 ‘ ‘ 1.84 : 16.285 
25X25 2.962 | . 17.322 

6x 6 cm. | 1-533 -333_! 38- 39-533 
IoxIo 1.145 No reappearance. 


%, 
Area Vis. M. V. | Invis. | M. V Period 
2x 2mm.| 7.3 1.31 2.122 -466 3-44 9-422 
eq “ 6.34 1.38 2-94 -46 2.16 9-28 
8 4-53 1.066 | 3.24 -558 1.39 7-77 
I2x12 ‘‘ 4-23 I-45 3-75 -53 I.12 7-98 
16x16“ 4-03 -933 | 3-9 -708 1.03 7-93 
6x 6 cm. 1.83 58 5-675 | 1-89 +32 7-505 
IoxIo ‘“ I.19 -436 | 6.96 | 2.8 -17 8.15 
16x16 -61 323.82 | 3.3 -048 13-14 
26x26 25-36 | 6.067 -028 26.085 
34x34 -55 -O2I 25-68 
42x38 ‘‘ | 8 
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Curves were plotted from these results to compare with those 
obtained from Table VIII. 

It will be noticed that this series began with an area of 
3 mm. x 3 mm. In the former case, it was 2 mm. x 2 mm. 


CurvE IV. 


Curve for visibility. TaBLe X. Showing decrease of visi- 
bility with increase of area. 


CCP PTI 


| 


CURVE V. 


Curve for invisibility. Taste X. Showing increase of in- 
vistbility with increase of area. 
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TABLE XI. 


Ga. Method of variation of areas. Fluctuation: showing inverse variation 
of visibility and invisibility with increase of area. 


Area is. ‘oP is. . V. |Vis.: Invis.| Period 


4x 4 mm. 2.41 6.319 
-812 5-319 

-380 7-257 
-376 7-253 
-261 7-010 
-183 7-222 
-061 13.358 
15-176 
-027 23-732 
33-866 | 7-445 -O17 34-456 
No reappearance. 


The following curves represent the results of the preceding 
Table. The first area used is 4 mm. x 4 mm. , 


Lit 


Curve VI. 
Curve for visibility. TaBLe XI. Showing decrease of invisi- 
bility with increase of area. 


Curve VII. 
Curve for invisibility. TABLE XI. Showing increase of invist- 
bility with increase of area. 


|] 
I 
I 
2 
2 
I 
IT 
5 
{ 
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TABLE XII. 


Ge. Method of variation of areas. Fluctuation: showing inverse variation 
of visibility and invisibility with variation of area. 


M. V. is. . V. |Vis.: Invis.| Period 


1.033 ‘ 7-44 
-953 og | - . 8.559 
+255 a 15-75 
+133 7°75 '5- 

No reappearance. 


28.45 


TABLE XIII. 


S. Method of variation of areas. Fluctuation: showing inverse variation 
of visibility and invisibility with increase of area. 


Area is. — A . | M. V. |Vis.: Invis.| Period 


3x 3 mm. -633 6.963 

Iox1o ‘“ ‘ -495 5-206 
16x16 ‘ +550 -980 
20x20 -80 -668 5-030 

8x 8 “ 1.047 -600 6.093 
12x12 1.230 ‘ 7-391 
16x16 = 2.385 14.600 
18x18 ‘ No reappearance. 


The averages of the visibilities and invisibilities of Tables 
X, XI, XII, and XIII were plotted up to the area 6 cm. x 
6 cm., the last reappearance recorded for F and Ge. 


CurVE VIII. 


Curve for visibility. Averaged from Tables X, XI, XII, and 
XIII. Showing decrease of visibility with increase of area. 


Area Vis. 
3x 3 mm. 5-43 
6x6 3-14 
Iox1o 2.469 
20x20 2.16 
25x25 1.185 
6x 6 cm. 7 
IoxIo ‘“ 
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CurRVE IX. 


Curve for invisibility. Averaged from Tables X, XI, XII, 
XIII. Showing increase of invisibility with increase of area. 


It will be noticed, in the above Tables, that the area at 
which fluctuation ceases has been decreased to one-fourth in 
the one case and to one-eighth in the other. This, we believe, 
is due solely to the inequality in intensity of the stimulus ob- 
tained by the former method, for it will be observed that the 
area at which the stimulus began to recur in parts in the former 
Tables nearly coincides with that at which fluctuation ceased 
in the latter. 

It will be seen, also, that in the case of the smaller areas the 
phases of visibility have been decreased and the phases of in- 
visibility increased. Sufficient explanation for this result can 
be found, most probably, in the different conditions for adapta- 
tion present in the two cases. It will be well, at least, to point 
them out. 

(a) Although of no greater intensity, the stimulus area was 
more sharply defined than the area given by the reflected light. 
The latter was somewhat diffuse and spreading, and to a certain 
degree gave the effect of a larger area. This slight change 
would be appreciable for the smaller areas, but not for the 
larger. (6) The side of the opal glass used for the back- 
ground in the former case was polished and shining. This was 
trying to the eyes of the observer, the strain relieving itself in 
increased eye-movement and blinking. The side used in the 
latter case was dull and chalky, and produced no particular 
discomfort. (c) In the former case, the minimal difference to 
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be adapted out was between a bright white background and a 
still brighter stimulus. In the latter case, it was between a 
dull, chalky background and a darker stimulus. Just what 
effect this difference would have on adaptation we are not able 
to state. It seems reasonable to believe, however, that the 
process would not be uniform at all points in the white-black 
series. In fact records were obtained indicating that, in gen- 
eral, this is true; unfortunately, however, they were made 
early in the work, and were not arranged for a particular con- 
firmation of results under these precise conditions. As nearly 
as can be determined from them, planned as they were, the 
process is more rapid at the extremes of the white-black series 
(indicated by the shorter phases of visibility here obtained) 
than in the mid-region of neutral grays. The stimulus just 
noticeably lighter than a black background, too, seems to give 
slightly shorter phases of visibility than a stimulus just notice- 
ably darker than a white background. It will be understood 
that these results are not intended to apply to adaptation any 
further than for the obliteratiom of just noticeable differences. 
But from the data we may draw the very g-neral conclusion 
that the value of just noticeable differences for adaptation, 
even in the white-black series, depends upon the sort of com- 
bination used. 

It is important to note that while Lange’ finds approximate 
equality in the periods obtained from three sense departments, 
and argues therefrom a central origin, it is found here that a 
change of conditions so slight as to have passed unnoticed, had 
not the results demanded investigation, brings a wide range ot 
variability, although not even a change in the retinal elements 
stimulated is involved, z. ¢., both series of combinations of stim- 
ulus and background are in the white-black series. 

Another point noticeable in these records, and throughout 
the work in general, is the large mean variation. This is es- 
pecially obvious when large areas are used, or whenever from 
any cause either visibility or invisibility approaches infinite 
value. It is due, chiefly, to one or two very long phases of 
visibility or very short phases of invisibility, or conversely; the 
phenomena depending upon which extreme of the phase varia- 
tion one is considering. Slaughter’ believes that there isa 
connection between these recurring long phases of visibility, 
obtained with stimuli of the usual order, and the Traube-Her- 
ing waves. It seems, however, much more probable that their 
immediate condition is to be found in eye-movement. In un- 
steady fixation, the eye oscillates, 7. ¢., in recovering fixation, 


1 Philosophische Studien, IV, 390. 
2 Op. cit. 
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it overdoes, swinging to the other side and back again, etc. 
Eye-movements come in groups. One or more of these groups 
occurring within a phase of visibility, will prolong it very 
much; or falling within a phase of invisibility will shorten it 
proportionately. These facts are brought out plainly in the 
records for eye-movement. 

That extensive voluntary eye-movement will not cause the 
reappearance of the faded-out stimulus, provided sufficiently 
large areas are used, was confirmed for Ga and S. An area 
of opal glass 30 cm. square was made just noticeably red by 
light transmitted through red paper covering its back. Three 
fixation points were made the apices of an equilateral triangle, 
circumscribed about the centre of the plate. The observer, 
seated at a distance of 98 cm., allowed the color to adapt out, 
and then shifted his eyes along the sides of the triangle from 
fixation point to fixation point in order. The following results 
were obtained : 

Ga. With 2cm. eye-movement (in each direction) 

Slight reappearance at edges only. 

With 3.3 cm. eye-movement. . .. . . . Began to get a wash 
of color farther in from the edges. 

With 4cm. eye-movement. . . . . . . Color returned alittle 
more perceptibly over central area. 

S reported no change at all until 4.9 cm. of eye-movement in each 
direction were reached. Then there was a slight wash of color, pretty 
much over the whole area. Had he observed more closely, he proba- 
bly would have noticed the changes at the edges sooner than this. 

The intensity of the stimulus was increased considerably 
above the limen, and the same method carried out with similar 
results. A larger area, however, had to be used with the same 
range of movement. 

These facts speak strongly against innervation as the cause 
of the reappearance of the adapted out stimulus. Much more 
plausible does it seem that restoration comes about on account 
of actual change of stimulation of the adapted elements.’ 

(2) Adaptation. 'The following Tables show the effect of 
variation of area for recognized adaptation phenomena. The 
combinations of stimulus and background chosen are the most 
favorable for intermittence. Fluctuations of intensity may be 
had from avy combination, but complete disappearances take 
place most readily with those here selected. The eye-strain in- 
volved and the consequent unsteady fixation make the phenom- 
enon somewhat difficult to obtain. 


1 Together with the supplementary process mentioned but not 
specified above. 
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TABLE XIV. 


Ga. Method of variation of areas. Adaptation: showing inverse varia- 
tion of visibility and invisibility with increase of area. 


Vis.: 


Invis. Period 


Stimulus Background is. . V.| Invis.|M. V. 


Red, 1x 5mm.| Blue isappearance. 
5x5 -601} 4. 1.16 -66 
ering Gray, ering Gray, : 
(no. 27) IX 5mm. No disappearance. 
2x 5 1.423 -54 51.694 
‘ 2.617| 1.568) . 6.057 
“ Tox1o 2.25 | 2.275] 2.983 
* 25 3-07 | 1-485| 6.976 


TABLE XV. 


E. Method of variation of areas. Adaptation: showing inverse varia- 
tion of visibility and invisibility with increase of area. 


Vis.: 


Invis. Period 


Stimulus Background | Vis. |M. V.|Invis.|M. V. 


Red, ix 5 mm.} Blue 9-5627| 2.66 | 1.075] .175|8.895 | 10.637 
4-237 | 1-07 | 1.381) .281/3.067 | 5-618 
7x10 1.878 -255| 2-863} -594) -656| 4.741 
Ix 5 Gray 3-542 | 1-071/10.471| 2.514] .3383| 14-013 

2.06 


5x 5 480) 8.55 | 1-71 | .2409] 10.61 


F. ADAPTATION IS RENDERED INTERMITTENT CHIEFLY 
BY EYE-MOVEMENT. 


‘*Even in fixation intended to be constant, as in the present 
investigation, it is not likely that the eye was motionless for the 
eight to thirty seconds during which the experiment lasted, as 
McAllister has recently pointed out that the eye is seldom at 
rest for one-ninth of a second continuously. At least it would 
be most unlikely that it should be absolutely at rest for so long 
a period as twenty seconds and then move unconsciously at the 
end of that time.’’ * 

The inference contained in the above quotation is that, if 
eye-movement causes relief of the adapted elements suffi- 
cient to bring about reappearance when complete adaptation 
has once set in, disappearance should never have occurred; 


1W.B. Pillsbury: Zhe Journal of Philosophy, Psychology, and Sci- 
entific Methods, II, 272. Review of Zur experimentellen Kritik der 
Theorie der Aufmerksamkeitsschwankungen, by B. Hammer. 
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5-815 
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28.455 
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for the eye is moving almost continuously, and each move- 
ment should have relieved the adaptation that had taken 
place previous to it. Pillsbury has, however, probably not con- 
sidered that range of movement isa factor as well as frequency. 
If the eye moved nine times a second with sufficient range, 
there probably never would be noticeable adaptation ‘for small 
areas. How far this supposition is from the facts, however, is 
shown by our results. The average interval between move- 
ments extensive enough to produce a noticeable shift of the 
after-image in either the horizontal or vertical plane, viewed 
at a distance of 1 meter (and certainly smaller movements 
could scarcely be considered to bear upon the point in ques- 
tion), ranges from $ sec.-2} sec. The average time be- 
tween movements shifting the after-image 2 mm. in either plane 
ranges from 1} sec.-2} sec.; 4 mm., from 24 sec.-48 sec.; 
6 mm., from 3} sec.-96 sec., etc. Nowit will be remembered 
that the movements in each plane came in groups of two and 
three, so that these intervals in most cases should be so much 
multiplied. According to this account, there seems to be 
ample opportunity for adaptation to take place, when range of 
movement is taken into consideration as well as frequency. 
Movements as small as those referred to by McAllister would 
probably produce some effect in delaying adaptation; but com- 
plete restoration before the stimulus has adapted out, or reap- 
pearance after it has disappeared, is doubtless caused by groups 
of movements of considerable range. 

The range of movement required will, of course, depend 
upon the stimulus area used. When the area is very small, 
Pillsbury’s inference holds; there is no disappearance. The 
restoration afforded by eye-movement here cancels the effect of 
adaptation before disappearance takes place. This is one of the 
points brought out by our method of areas. On the other 
hand, with areas varying from 10 cm. x 10 cm. — 14 cm. x 
14 cm., the range of movement for our observers was not 
great enough ever to produce reappearance. And with still 
larger areas, extensive voluntary movements did not suffice 
even to revive the lost sensation. 

We do not assert that the statement quoted, considered as a 
criticism of Hammer's article, is not well grounded. This 
article is chiefly suggestive. But, on the other hand, it is only 
fair to remember that it requires positive knowledge to over- 
throw as well as to establish a theory. Both statement and 
criticism should, with equal care, be based upon ample investi- 
gation. That eye-movement, blinking, etc., interfere with 
the course of adaptation is not a recently discovered fact, nor 
is it a closed subject. Local adaptation still presents a fruitful 
field for research. 


} 
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With the help of the data submitted in this article, we trust 
that no intrinsic difficulty will be found in the conception that 
adaptation is rendered intermittent by eye-movement. Aside 
from this, too, there remains, further to strengthen the theory, 
the supplementary factor (not yet specified) which works in 
conjunction with the relief afforded by a shift of the adapted 
elements into a region of different stimulation. 


For the investigation of eye-movement, a method had to be 
selected that would not be objectionable to the observers, and 
would not interfere with the normal course of the phenomenon 
either mechanically or by way of distraction. The shifting of 
the negative after-image during fixation afforded a method 
somewhat rough, but adequate for our purpose. Colored 
strips, 5 mm. x 40 mm., were used as stimuli. They were 
pasted on a background of white card-board, with the shorter 
dimension in the plane in which the eye-movement was to be 
investigated. The determination of frequency then became 
merely a matter of recording the appearance of the after-image 
to the right or left or above of below the stimulus, separate 
series being made for both planes. For the determination of 
range of movement, narrow strips of paper of the same bright- 
ness as the background were placed successively 2, 4, 6, 8, etc., 
mm. from the stimulus, and only those movements recorded 
that caused the after-image to shift to or beyond these strips. 
The strips were so inconspicuous as not to attract the eye away 
from the fixation point; still, it was not difficult to judge when 
the after-image reached, or passed beyond them. They were 
always used, also, when frequency alone was to be determined, 
in order that the same conditions might prevail throughout. 
Some periods were given up wholly to the investigation of eye- 
movement alone, thus determining the type in general; while 
again the eye-movement tracing was alternated with the corre- 
sponding fluctuation tracing, in order to establish a more im- 
mediate connection between the eye-movements in either plane 
and the phases of visibility and invisibility in that plane. 
Doubtless, it would have been better to have the eye-movement 
recorded while the fluctuation was in progress, could this have 
been done without interfering with the normal course of the 
phenomenon. As it was, however, enough results were ob- 
tained to render conclusions safe as to the type. of the observer. 

The stimuli in both the eye-movement and fluctuation ex- 
periments were of the same dimensions, and were arranged in 
precisely the same way. The distance of the observer, through- 
out, was 1 meter. ‘The color of the stimulus was selected with 
reference to the vividness of the after-image for the particular 
observer. Milton-Bradley standard green was used for S, Ga, 
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Ge, while red of the same make gave the best results for F. 
The expression: ‘stimulus vertical’ will be used when the 
longer dimension of the strip is placed in the vertical plane, 
and ‘stimulus horizontal’ for the corresponding arrangement in 
the horizontal plane. 

The following results were obtained: 


(a) Eye-movement in the horizontal and vertical planes. 
S. Length of observation: 97 sec. 
Stimulus vertical. 


Strips 2 mm. distant. Recorded all, 
All reaching to strips 2 mm. distant, 


“ce 6 “ce «ce 


Stimulus horizontal. 
Strips 2 mm. distant. Recorded all, 39 
All reaching to strips 2 mm. distant, 21 


The results here show greater range and greater frequency in the 
horizontal plane. The records also demonstrated that the recovery 
was quicker in this plane. 


Ge. Length of observation: 94 sec. 
Stimulus vertical. 
Strips 2 mm. distant. Recorded all, 
All reaching to strip —_ distant, } 
to “ce 
Stimulus horizontal. 
Strips 2 mm. distant. Recorded all, 
All reaching to strip 2 mm. distant, 


° 

It will be noticed that the excess of range in the horizontal plane in 

this Table is considerably greater than the excess of frequency. There 
is quicker recovery also in the horizontal plane. 


Ga. Length of observation: 96 sec. 
Stimulus vertical. 
Strips 2 mm. distant. Recorded all, 
All reaching to strips 2 mm. distant, 


Stimulus horizontal. 


Strips 2 mm. distant. Recorded all, 
All reaching to strips 2 mm. distant, 
“ce ae “ce “ce “ce 


This Table shows greater frequency in the vertical and greater range 
in the horizontal plane. In the next Table the experiments for range 
— — carried out. The following averages for frequency were 
obtained: 
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F. Length of observation, 10g sec. 
Stimulus vertical, 29 
2 horizontal, 17 
Towards the end of the hour, for each observer, the records showed 
increase of eye-movement, as the result of fatigue. 


(b) Fluctuation with vertical and horizontal arrangement of the 
stimulus. 


The following are the results obtained for the fluctuation 
experiments. The stimulus was rendered liminal by being 
placed behind a plate of opal glass. 


TABLE XVI. 


8S. Fluctuation with vertical and horizontal arrangement of the stimulus. 
howing how arrangements that favor maximal and minimal 
interference with adaptation affect the phases of 
visibility and invisibility. 


Stimulus Arrangement | Vis. 


Yellow, 


Vertical 
Horizontal 
Vertical 
Horizontal 
Vertical 
Horizontal 
Vertical 
Horizontal 


5-3545 
3 -0733 
3-152 
2.358 
4-986 
3-260 
5-O611 
4-642 


lus. 


TABLE XVII. 


Ge. Fluctuation with vertical and horizontal arrangement of the stimu- 
Showing how arrangements that favor maximal and 
minimal interference with adaptation affect the 


phases of visibility and invisibility. 


Stimulus 


Arrangement 


Vis. 


.| Invis. 


M. 


Gray, 5x30 mm. 


5x40 “ 
5x50 
Green,5x4o 


Vertical 
Horizontal 
Vertical 
Horizontal 
Vertical 
Horizontal 
Vertical 
Horizontal 


3-873 
3-825 
4.006 
1.407 
4-353 
2.700 
4-400 
2.663 


II5 
Vis.: 

M. V.|Invis.|M. V.|7 Period 
1.027 |2.4727| -690 |2.165 | 7.8272 

-426 |2.7066) .666 {1.135 | 5-7799 

-917 |1-641 | .453 |1-9207! 4-793 
-452 |2.436 | .621 | .968 | 4.794 

1.06 |1-493 | -413 |3-340 | 6.479 
-526 |2.546 | .786 |1.2804| 5.806 al 
-QII |1.588 | |3.187 | 6.6491 
| -580 |2.542 | .371 |1.825 | 7.1856 i 
| 
Vis.: 

-873) 2.32 | .933/1-669 | 6.193 
-983) 3-458) 1.075|I1-135 | 7-283 
1.293 -733|1-585 | 6.533 

-268) 4.423) 1.153) .3181] 5.830 

-822| 2.700} .868/1.6123) 7.053 

1.071} 3-285} -778| .8217| 5.985 

1.054) 4-981| 1.172] .8833] 9.381 

-490} 5-481) 1.154) .4857| 8.144 
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TABLE XVIII. 


Ga. Fluctuation with vertical and horizontal arrangement of the stimu- 
lus. Showing how arrangements that favor maximal and min- 
imal interference with adaptation affect the 
phases of visibility and invisibility. 


Vis.: 


Stimulus Arrangement | Vis. |M. V.|Invis.|/M. V. Savie. 


Gray,tox50mm.| Vertical -644| 6.422) 1.333) -4135 
Horizontal 3-33 -763| 5-545| 1-418) .6016 
Yellow,2xqo Vertical 3-807| I.115) 3-223) -.915|1.181 
Horizontal 6.96 | 1-987] 2.45 | -801\2.8408 


TABLE XIX. 


F. Fluctuation with vertical and horizontal arrangement of the stimulus. 
Showing how arrangements that favor maximal and minimal 
interference with adaptation affect the phases 
of visibility and invisibility. 


Period 


Stimulus Arrangement | Vis. |M. V.|Invis.|M. V. en 
nvis. 


Red, 5x40 mm.| Vertical 4-8685] 1.29 | 3-495 775 | 1.392) 8.3635 


Horizontal 3.038 -646| 3-753 T .092| -809| 6.791 


(c) Adaptation with vertical and horizontal arrangement of the 
stimulus. 


That the same arrangement is effective with stimuli at full 
intensity was confirmed by experiments upon Ga. AA strip of 
Hering red, 5 mm. x 30 mm., was pasted on a square of Hering 
light blue, 20 cm. x 20 cm., and viewed at a distance of 2 
meters. 

TABLE XX. 
Ga. Adaptation with vertical and horizontal arrangement of the stimulus. 


Showing the interference caused by the vertical 
and horizontal arrangements. 


Stimulus Arrangement | Vis. |M. V.|Invis.|M. V. a Period 


Red, 5x30 mm.} Vertical 2-24 | .671) 4-014} .914) .558) 6.254 
Horizontal 3-987| .727| 3-775| -887| 1-056] 7.762 


G. CORRESPONDENCE OF FLUCTUATION WITH ADAPTATION 
IN INDIRECT VISION. 

(a) Fluctuation, In the fluctuation experiments in indirect 
vision, the stimuli were rendered liminal by the use of the opal 
glass plate, as before. The observer was seated at a distance 
of 1 meter and given a fixation point in the median line. It 


i 
Period 
9-077 
8.881 
7-030 
9-41 
|___|___|___|___|___|__— 
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will be noticed in these results, as also in the Tables for the 
method of variation of areas, that the average phase of visi- 
bility increases slightly at the end of the Table. The reason 
is that in each tracing the phase of visibility is greatest at the 
beginning and decreases considerably towards the end. Now 
in the last series of the Table there are few and, at the very 
last, no phases of visibility to average with these maximal first 
phases; consequently the curve rises a little at the lower end. 
For the same reason, the mean variation for both visibility and 
invisibility increases towards the end of the Table. 

The results obtained are given in the following Tables. The 
points to be noticed are the effects of variation of area and 
passage of stimulus towards the periphery. 


TABLE XXI. 


Ga. Correspondence of fluctuation with adaptation in indirect vision. 
Fluctuation: showing the effect of increase of area and 
passage of stimulus towards the periphery. 


Distance from M. V. im. Vis.: 


Stimulus fixation "| Invis. 


Gray, 8x8 mm. ocm. -985 
20 4. +0423 
-o18 
+235 
-140 
-0588 
+0265 
+0057 
No reappearance. 


TABLE XXII. 


F. Correspondence of fluctuation with adaptation in indirect vision. 
Fluctuation: showing the effect of increase of area and 
passage of the stimulus towards the periphery. 


Gray, 5x5 mm, ocm. 4.12 -83 | 2.41 1.709 
1.671) .507) 4-514) - 

12 1.187} .5 | 9-625) 2. -122 

20 -433| -123/22.25 | 4. -O194 

6x6 cm. 2.35 | -46| 4-77] -492 
8 2.24 -65 |14-04 | 3-158) .1592 
20 No reappearance. 


Period 
4-715 
5-047 
8.48 
9-81 
13-946 
35-163 
7.82 
9-588 
II.312 
| 23-75 
| 43-75 
6.53 
6.185 
10.812 
22.683 
7.12 
16.28 
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TABLE XXIII. 


Ge. Correspondence of fluctuation with adaptation in indirect vision. 
Fluctuation: showing the effect of increase of area and 
passage of stimulus towards the periphery. 


Distance from ‘ Vis.: 


Stimulus Gastion .| Invis. 


-09785 
-O715 
-0426 
-0312 
-OIII 
-0272 
9-89 |.o151 
No reappearance. 


(b) Adaptation. That stimuli at full intensity show the 
same law of inverse variation of visibility: invisibility from 
direct vision towards the periphery was verified by Ga. Hering 
standard red upon a background of engine-gray card-board 
(neutral shade) was used. 


TABLE XXIV. 


Ga. Correspondence of fluctuation with adaptation in indirect vision. 
Adaptation: showing the effect of passage of 
stimulus towards the periphery. 


Distance from 
fixation 


Vis.: 


Stimulus 


. |M. V.|Invis.;|M. V 


Red, 8x8 mm. -033|/79 -58 
“ce -475 3-907 
-925| 1-612 

I.I51| 1.46 

1.107} 

1.208} .440 

2.32 -240 

No reappearance. 


The adaptation times in indirect vision were also obtained 
for the same stimulus. The background in this case was, as 
before, the neutral engine-gray card-board. ‘The time required 
completely to adapt out the stimulus was recorded. This, an 
adaptation experiment in its purest form, shows that the time 
required to adapt out the stimulus decreases as we go towards 
the periphery. One may suggest the following reasons why 
this decrease should occur: 

(1) Decrease of the retinal stuff towards the periphery. 
This would certainly be true for colored stimuli. 


Period 
} 10.5875 
12.656 
11.83 
12.228 
12.362 
45-4 
22.97 
; 43-3 
1 
Period 
16. 
8.258 
| 6.949 
8.24 
8.7 
9-73 
11.56 
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(2) Since the eye is »pproximately spherical in form, and 
the aperture is near the front surface, one might expect less 
absolute change of stimulation area towards the periphery on 
account of eye-movement. Experiments to test the matter, 
by the same method as was used in direct vision, showed a 
marked decrease in the number of eye-movements recorded as 
the stimulus was moved towards the periphery. Whether this 
was because there was actually less range of movement of the 
after-image, or was due solely to the greater difficulty of ob- 
servation, we are not able to state. The fact that there was a 
greater decrease in range than in frequency would seem to indi- 
cate that the effect was not wholly due to increased difficulty 
of observation. 

(3) A further reason will be discussed when we deal with 
the fluctuation of after-images. 

The observer sat with eyes closed and registration key up. 
The drum was started. At a signal the observation was begun 
and the key pressed down. When the color had adapted out, 
the key was released. The results were as follows: 


Ga. Time unit: 7 sec. 


Stimulus 8 cm. from fixation, 


“ce 
“ce 


CUTANEOUS STIMULI. 


(a) Pressure. Liminal pressure stimuli were applied to sev- 
eral observers, but no fluctuations were experienced. Very 
smooth cork wafers supporting minimal weights were used, 
and every care was taken to insure uniformly distributed, pure 
pressure sensations. 

(b) Llectro-cutaneous. Liminal electro-cutaneous stimulation 
was alsotried. ‘The tip of the tongue was selected as the area 
most sensitive to stimulation. Strips of very light tin foil 
(Christmas-tree foil) were used as electrodes. The moist sur- 
face of the tongue readily held these in place. There was no 
preliminary sensation of pressure or contact. The observer 
was not even able to tell that the strips were in place when the 
current was off. A Du Bois-Reymond sledge was chosen as 
giving the most easily regulated induction current. The ob- 
server was seated in a distant room, his head fixed in a head- 
rest, and the electrodes clamped in place. He was thus isolated 
from all noise and distracting influence. An electric button 
was near his hand by means of which he could signal to the 
experimenter and thus regulate the intensity of the stimulus. 
With care just noticeable stimuli were easily obtained; but no 
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fluctuations of intensity could be detected, although repeated 
attempts were made on a number of observers. It hardly seems 
possible that failure to obtain fluctuations could have been due 
to faulty conditions. 

We submit these results hoping that, when they have been 
verified elsewhere, they will prove as decisive to others as they 
have been to us. We trust that in them ample evidence has 
been afforded that Lange advanced the theory of fluctuation of 
attention upon insufficient data. Indeed, that an attempt ever 
should have been made to gather together these discrete sense- 
phenomena under the head of ‘fluctuation of attention’ seems 
more the result of doctrinal development than of a thorough- 
going consideration of the phenomena themselves. 
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MINOR STUDIES FROM THE PSYCHOLOGICAL 
LABORATORY OF VASSAR COLLEGE. 


COMMUNICATED BY M. F. WASHBURN. 


II. A COMPARISON OF METHODS FOR THE DETERMINATION OF 
IDEATIONAL TYPE. 


By ALMA BELL and LORETTA MUCKENHOUPT. 


The object of this study was to test the mutual consistency 
of the various methods given in Titchener’s Experimental Psy- 
chology, Volume I, Part II, pp. 394 to 4o1, for investigating 
the type of imagery normal to a given individual. For a de- 
scription of these methods the reader is referred to the above 
mentioned volume. Since only two of them, the revised Galton 
questionary and Secor’s word method, undertake to discover 
the presence of images other than auditory, visual or motor, for 
purposes of comparison these types of image only were taken 
account of. The plan of the investigation was to test a few ob- 
servers by as many of the methods as possible in order to see 
whether the results were in harmony with each other. Four 
women students of psychology, with a half year’s practice in 
introspective work, were the subjects. Two of them, H., and 
B., were not tested by Kraepelin’s method; and one, B., was 
not tested by Cohn's method or Washburn’s method. Other- 
wise the accompanying table allows a thorough-going compari- 
son of results. 


Observer, Vo. Observer, H. Observer, B. || Observer, S. 


-| M. 


METHOD. 
Kraepelin’s, 
Secor’s Visual, 
Secor’s Auditory, 
Binet’s, part I, a, 
Binet’s, part I, b, 
Binet’s, part II, a, 
Binet’s, part II, b, 


Cohn’s, 


Washburn’s, 


17 
26 


II 
54, 16 
86 | 22 


| 
| 
| 


| V. | M. ‘Gen. 


| 
22 | 
12 | 


Gen. 


IGen.|| v. |A.| M. |Gen 
| 
22 | st | | $8 | 14 
44 0 | 24 || 46 |28 | 19 || 48 
123 | 35 | 4s |$6| 62 | | 64 || 33 | 22 16 
12 | 56| 62 | | | 
29| 5/8 ||-100 95 
all 15°] 50 | | 
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In explanation of the table, the following points should be 
noted. The results for a given method on all four observers, 
it will be seen, are to be found in the same horizontal column. 
The vertical sections of the table belong respectively to the dif- 
ferent observers. The vertical columns in each section marked 
V., A., M., Gen., contain figures representing the value of vis- 
ual, auditory, motor, and other miscellaneous images for each 
observer, determined by each method. The figures under V, 
opposite Kraepelin’s method, represent the ratio of the number 
of objects characterized by color to that of objects characterized 
by sound, thought of by the observer in five minutes interval. 
Obviously this ratio, and not the absolute number of ideas 
occurring to the mind, is the proper representative of ideational 
type, since the absolute number of ideas depends on the rapid- 
ity of the flow of ideas, which may vary quite independently 
of their type. The figures opposite ‘‘Secor’s Visual’’ and 
*‘Secor’s Auditory’’ are the percentages of visual, auditory, 
motor and other images suggested to the different observers, in 
the one case by the list of words read visually, in the other case 
by that heard read aloud. Opposite ‘‘Binet’s, Part I, a,’’ are 
given the results for this method reduced from ‘‘forty-eighths’’ 
to percentages for the purpose of better comparison. All the 
results for the various parts of Binet’s method and for Cohn’s 
method are similarly stated in percentages. It will be seen 
that no figures are given for section (c) in either part of Binet’s 
method. This section, as a reference to the Manual will show, 
tests chiefly the motor memory by means of nonsense figures. 
Its omission in our table is due to an error in method. The 
four observers should have been tested by the same figures; in- 
stead of which each of the two experimenters made her own 
figures, which were considerably more difficult in one case than 
in the other, so that the results were not fairly comparable. 
The table as a whole is of value, however, only for the com- 
parison of auditory and visual types, since two of the methods, 
Kraepelin’s and Washburn’s, do not attempt to test any other 
form of image; and this value is little affected by the omission 
of the nonsense figure experiments. Since the second part of 
Cohn’s method tests the composite auditory-motor type of 
memory, the percentage figures here are placed bétween the 
auditory and motor columns. The results of Washburn’s 
method need a few words of further explanation. This method 
supposes that it is possible to obtain an objective means of 
deciding whether a given mistake in addition has involved vis- 
ual or auditory images. The criterion suggested in the Man- 
ual involves putting down as auditory all mistakes where a fig- 
ure is repeated, as for instance, ‘‘282-++20=303; 569-+23—=593.”’ 
Our experience suggests that these mistakes may perfectly 
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well be visual; it is quite as possible to confuse the visual im- 
ages of the numbers in such a way that a number is repeated, 
as it is to repeat through ‘sound echo.’ Guided by our own 
introspection and that of our observers, we adopted the follow- 
ing method of distinguishing between auditory and visual mis- 
takes. (1) Those errors involving the repetition of a figure 
whose sound was not the same in the two cases were put down 
as visual, for ‘‘245-++-17=252.”’ 
Obviously there can be no question of a sound echo here. (2) 
Errors involving the repetition of a number further back in the 
series than the two added were put down as auditory, for in- 
stance, the repetition of 8 in the following: ‘‘143+8=151, 
151-+4=158;” or of 7 in “‘542+-7=549, 549+15=574.”"’ The 
reason for calling these auditory is the introspective one that 
even good visualizers do not retain the visual images of num- 
bers any further back than those which they are actually add- 
ing, while the sound echo of a number may persist for some 
little time. (3) Errors involving the repetition of one of the 
numbers added, where the sound as well as the look of the 
number remained the same, were put down as auditory-visual, 
since they might have been due with equal probability to the 
persistence of visual images or to that of sound images. The 
results given for each observer are thus the percentages of the 
total numbers of errors made falling under each one of these 
three heads: visual, auditory, auditory-visual. 

The following conclusions may be drawn from the table: 

(1) The methods are, generally speaking, consistent in their 
results. 

Observer Vo. appears to be the most auditory and least vis- 
ual in type of the four observers. H. comes next, while B. 
and S. are predominantly visual. It will be observed that Vo. 
shows a predominance of the auditory over the visual memory 
by every method except Secor’s; that H. shows a similar pre- 
dominance by every method except Secor’s and Cohn’s; S. 
shows a superiority of visual over auditory memory by every 
method except Binet’s, Part I, b; and B. a like superiority by 
all the methods used on her except Binet, Part I, b, and Binet, 
Part II, b. As regards these exceptions, we may note that 
Part I, b, of Binet’s method gives the greatest preponderance 
of auditory over visual memory for all four observers; in the 
cases of Vo. and H. it is the only one where the visual memory 
absolutely touches zero. The mode of procedure in this 
method is for the experimenter to read aloud to the observer 
series of nine letters each; at the end of each series the ob- 
server recalls it and dictates it to the experimenter. No effort 
is made to control the kind of memory involved. Under these 
circumstances, then, all four of our observers found it more 
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natural to be guided by the persistent sound image of the letter 
than by its imagined look, which is not to be wondered at 
when we remember that the sound images are occasioned by 
the actual utterance of the sounds, while the visual images are 
merely suggested both in the recall of the series and in its first 
presentation. The difference in type between our four ob- 
servers is evidenced by the fact that Vo. and H. had no visual 
imagery involved, while B. had a small amount and S. nearly 
as much visual as auditory imagery. An important difference 
exists between Parts I and II of Binet’s method which affects 
comparison of their results. The figures under V. and H. in 
the case of Part I represent the natural uncontrolled tendency 
of the mind under circumstances favoring, for (a), visual 
memory, and for (b), auditory memory. The figures similarly 
placed in the case of Part II represent the results of an effort 
to recall in visual or in auditory terms, the conditions favoring 
as before (a) visual and (b) auditory images. All the observ- 
ers seem to have visualized better when they made an effort to 
do so; the effect of intentional use of auditory images is not 
so marked. It is a curious fact that three observers succeeded 
better at deliberate visualizing in Part II (b), where the con- 
ditions favor auditory imagery, than in (a) where visualization 
is favored; while the fourth observer, B., did as well in one 
case as in the other. Probably the fact that memorizing a 
nine-letter series is an easier problem than memorizing a 
twelve-letter square helped to produce this result. 

(2) The method which in this test gave least satisfactory 
results was Secor’s. The series of words suggested in the 
Manual, like the others used in our experiments, does not offer 
equal opportunities for visual and for auditory associations, 
and the results could not be expected to be trustworthy as an 
absolute measure of an individual’s mental type; however if, 
as was here the case, the same series is used on different indi- 
viduals, it should be possible to obtain a comparison of the 
tendencies of these individuals. It will be seen from the table, 
however, that the four observers showed less difference in the 
results of tests by this method than in those made by any of 
the other methods. In ‘‘Secor’s Visual,’’ observer Vo. dis- 
plays her characteristic auditory tendency in the ratio V: H:: 
36:33, where all three of the other observers show much 
greater preponderance of visual over auditory images. But in 
‘‘Secor’s Auditory’’ the results from all four observers are 
very nearly alike. The root of the difficulty with Secor’s 
method, the source of its defects, lies probably in the fact that 
it requires the exercise of perfectly indefinite and uncontrolled 
processes of association. All the other methods demand of the 
observer the revival of certain fixed and specified material, 
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letters, numbers, etc.; the variations in the results are due 
wholly to the mode of revival. But where words are used and 
allowed to suggest images freely, the process is bound to be 
complicated by all the influences which determine the play of 
associations. The recent experience of the observers will be a 
disturbing factor; if one has just seen a picture of a conflagra- 
tion the word ‘fire’ may suggest the picture, although, under 
ordinary circumstances, auditory imagery would be called up. 
Then the nature of the imagery suggested by one word may 
affect that suggested by the next: if ‘fire’ calls up a visual 
picture the following word may also suggest a visual image; 
if the idea called up by ‘fire’ be auditory the idea called up by 
the next word may be auditory, too, and so on. 

Finally, it is interesting to compare the results of these rela- 
tively objective methods with the introspective testimony of 
the four observers as to their mental type, given in answers to 
the questionary on pp. 198-200 of the Students’ Manual (Vol. 
I). Observer S., one of the good visualizers, judged by the 
results in the table, declares herself able to call up the picture ot 
the rosebuds, etc., very vividly, and to the question, ‘‘Is the 
image as bright as the objects would be if they lay on the table 
before you?’’ answers, ‘‘Yes, of course.’’ B., the other good 
visualizer, says, ‘‘I think the image is as bright as the objects 
themselves would be.’’ Both S. and B. place the visual expe- 
riences first in order of vividness among those mentioned on 
page 200. Both say that they do not recall music easily and 
that imagined music does not play any considerable part in 
their mental life. H., less visual and more auditory by the 
‘other tests, says of the imaged rosebuds, ‘‘At times the image 
is as bright as if the flowers were before me, but it becomes 
blurred in a very short time.’’ She also states that if she fixes 
her attention on one part of the image the other parts become 
blurred. B. says, ‘‘no part of the image is blurred, though 
the flowers lying on the ferns are the most prominent part.’’ 
S. says the image is all clear, though ‘‘one side of the box is 
shaded on the inside.’’ H. says she can recall music easily, 
and that imagined music is often disturbingly real to her. She 
can see the words of the national anthem printed, but only 
when she imagines herself repeating them at the same time. 
She does not, however, note any marked difference in the 
vividness of auditory and visual images in the series on page 
200. V., the most strongly auditory and least visual of the 
four, according to the other methods, although she does not 
find any special defect in her pictures of the rosebuds, places 
auditory images first and visual images last of all in point of 
vividness among the experiences named on page 200. In an- 
swering the questions on the national anthem, she says, ‘‘Effort 
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is necessary to see the words printed.’’ She recalls music 
easily and has a great deal of musical imagery. 

On the whole, then, the questionary results support those 
of the other methods. One point, however, should be noted. 
Observer H., though her auditory imagery seemed to be better 
than her visual imagery by most tests, declares that she uses 
the latter constantly in her ordinary thinking. This is evi- 
dence of the fact that in determining mental type tests of the 
vividness of a certain kind of image should be distinguished 
from tests of the frequency of its occurrence. A person may 
have a mediocre power of visual imagery, measured by the 
definition and vividness of the pictures called up, and yet may 
think habitually in visual terms. 


THE KINASTHETIC ELEMENT IN ENDOPHASIA 
AND AUDITORY HALLUCINATION. 


(From the Psychological Laboratory of the University of 
Pennsylvania. ) 


By CLARA HARRISON TOWN. 


Resident Psychologist at the Friends’ Asylum for the Insane, 
Frankford. 


Since Charcot applied the concept of three memory types, 
visual, auditory, and motor, to the verbal memory, many in- 
vestigators have endeavored to analyze the forms in which we 
think, and to determine more exactly their precise nature. 

Binet’s wide experience leads him to conclude that all 
thought is either verbal or sénsory. Assuming this to be 
true, much of our exact thought must be verbal, words being 
the only possible images of a great number of complex con- 
cepts. This thinking in words has been found to be accom- 
plished in various ways by different individuals. Some see, 
some hear, some write and some say the words to themselves, 
while still others, probably the majority of persons, combine 
some or all of these methods. 

Verbal thinking or internal language, of any type, is now 
generally known as endophasia, a name originally suggested 
by Morselli. 

Charcot held that the verbal memory depended upon visual, 
auditory, articulatory and graphic imaging of words; these 
types being used independently or in various combinations by 
different individuals. 

Some later investigators have thought the process less com- 
plex. Dejerine, for instance, while agreeing with Charcot that 
all these types enter into the imaging of objects, refuses to 
apply them all to verbal thinking, holding that the latter par- 
takes of two and only two forms of imagery—the auditory and 
the articulatory. Egger goes still further and limits the pro- 
cess to one type, the auditory. Still later experimental investi- 
gations, however, have brought forth evidence in support of the 
older theory of Charcot. 

Lemaitre, in 1904, published the result of his observations on 
ninety school children, varying in age from thirteen to fifteen 
years. Among these forty-five per cent. were purely motor in 
their verbal thought, thirteen per cent. were purely auditory 
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and fourteen per cent. purely visual, while the remainder 
variously combined the types. 

G. St. Paul published in the same year the results of an 
extensive investigation of the subject by the questionnaire 
method. ‘Two hundred and forty persons answered his ques- 
tions. Thirty-eight failed to give clear information; of the 
remaining two hundred and two, forty-eight per cent. were 
auditory-motor in type, twenty per cent. were visual-motor, 
fifteen per cent. auditory, seven per cent. motor, nine per cent. 
visual and one per cent. auditory. 

Both Lemaitre and St. Paul found all three types to exist, 
though in quite different proportions. In a large percentage 
of the subjects of both investigators, the articulatory images 
are prominent. They appear in seventy-five per cent. of St. 
Paul’s subjects, and in forty-eight per cent. of Lemaitre’s. 

With such experimental evidence we seem justified in assum- 
ing that the articulatory element plays an important part in 
endophasia. When this articulatory element predominates, 
the internal language assumes the character of internal speech, 
—the subjects only secondarily hear or see the words, they say 
them to themselves. 

During the process of internal speech the kinzesthetic speech 
centres are in a state of excitation which would lead, if unin- 
hibited, to actual vocalization. Other brain processes, how- 
ever, active at the time, inhibit the motor fulfillment either 
partially or entirely, the result being internal speech, accom- 
panied or not by some slight movement of the vocal organs. 
The natural tendency of internal speech is toward actual vocal- 
ization, or rather internal speech is actual speech, partially 
inhibited. 

Asa rule in the healthy adult the mental content is very 
complex, and the accompanying brain processes equally so. 
There is therefore sufficient opposition from various brain cen- 
tres to inhibit the motor tendency of internal speech. Occa- 
sionally, however, when a thought practically absorbs the 
attention, it is involuntarily given utterance. We are some- 
times surprised when alone to find ourselves expressing some 
thought aloud. This tendency toward vocal expression is 
noticeable in the majority of persons when reading to them- 
selves—there is usually a more or less pronounced movement 
of the lips. 

It is very strong in children when they begin to read and to 
work out little arithmetical problems. It is sometimes almost 
impossible to make them read and count to themselves. This is 
equally true of adults whose ability to read has not progressed 
much further. Their lips always move in reading and usually 
the words are actually spoken. In such cases the mental effort 
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is great enough to absorb the whole attention and the unin- 
hibited motor result is sure to follow. 

With some persons the internal speech habit takes the form 
of soliloquy. This verbal thought is a monologue, a revery. 
With others, on the contrary, it is usually conversational in 
character. The thoughts follow one another in dialogue form. 
Their minds are debating fields and new thoughts are born of 
contradictions. This conversational form of internal speech 
may again be divided into two classes. In some cases the dia- 
logue is impersonal, both parts being equally the words and 
thoughts of the thinker. In other cases the second person of 
the dialogue is personified, and the individual imagines him- 
self talking to some one else, and endeavors to argue as that 
other person would under the circumstances. 

In this latter type the part of the second person is often 
largely auditory in character. Thinking of the words as com- 
ing from another, one would naturally associate them with the 
tones of that person’s voice, as one’s consciousness of another 
person’s speech is, as a rule, almost entirely dependent upon 
auditory impressions. As our perception of our own speech is 
largely based upon articulatory sensations, the auditory ele- 
ment is not so likely to be prominent in the personal part of the 
dialogue. 

The greater the predominance of the articulatory factor the 
greater is the tendency toward actual vocalization; and we find 
that in types like that just described, the part of the first per- 
son is much more apt to be vocalized than that of the second. 

When this perfectly normal tendency to internal speech ex- 
ists in the insane the usual inhibitory influence of a complex 
consciousness is lacking and various characteristic phenomena 
result. One woman who is sane enough to realize and ana- 
lyze her condition to a certain extent, tells me that when she 
is thinking ‘‘the words come out of themselves,’’ she has no 
intention of saying them and seems to have no control over 
them. She adds that when she is eating she ‘‘seems to be chew- 
ing words.’’ In her case, the inhibitory control of opposing 
centres is greatly reduced, and verbal thought tends strongly 
toward vocalization. There is, however, enough inhibitory 
power remaining to awaken in the subject a sense of its inade- 
quacy and of the impulse character of her speech. 

Some insane conditions which are apparently dependent 
upon the tendency to internal speech, I shall describe as they 
appear in several patients at the Friends’ Asylum, Frankford. 

The first case illustrates the habit of internal verbal solilo- 
quy. The patient continually carries on a low, almost inaudi- 
ble talk. One might think she was conversing with some one, 
but, on listening, I found the talk to be as follows: ‘‘A pretty 
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dress, yes, yes, a pretty brown dress, yes, yes, yes, a pin, yes, 
yes, a bracelet, yes, yes, a chain, yes, yes, etc.’’ This was all 
in description of a person at whom she was looking. I told her 
to talk louder, she said: ‘‘Talk louder, louder, louder, talk 
louder, louder, louder.’’ Then I said, ‘do not talk so low,’’ 
and the echo came ‘‘Do not talk so low, so low, so low, low, 
low.”’ 

Every perception, every thought, evidently finds expression 
in speech. Speech is no longer used by her as a means of com- 
munication with others, but is the involuntary result of all per- 
ceptions, all thought. 

With the second patient the internal speech habit was evi- 
dently of dialogue form, and impersonal in character. This 
woman hears hallucinatory voices continually. Every creak of 
a door, tick of a clock, sigh of the wind, or twitter cf a bird 
was laden with a message for her. Her fingers, feet and all 
parts of her body talked to her, as did also pictures and hallu- 
cinatory visions. 

The voices were continuous, and were judged as coming from 
anything on which her attention was, for the moment, centered; 
whether this was a sound, a visible object or her own body 
seemed immaterial. She argued with the voices, which took 
up her thoughts and questioned herabout them. She relates, 
for instance, that one day when she was wondering whether 
she had a spiritual body, a bird suddenly broke in with ‘‘What 
is a spiritual body, speak quickly, speak quickly.’’ At times 
she had a dim fancy that in spite of their seeming reality, these 
voices might be her own thoughts, but the idea was at once 
stifled by the knowledge that the thoughts expressed were 
quite unlike hers in character. 

Her type seems to be largely auditory as vocalization was 
rare and never occurred in the second person. The hallucina- 
tory condition was preceded by a constant ringing in the ears, 
which still persists, though the patient no longer hears the 
voices and is rapidly regaining her normal condition. 

Another patient listened intently to a conversation between 
several persons, without vocalizing in the least, only showing 
by her rapt attention and her impatient requests of those 
around for silence, that she was experiencing an hallucination. 
When it was over she explained to me what it was all about, 
and believed in it thoroughly. Here, then, is an example of 
the personal dialogue form, extended to include many person- 
alities, while the experiencing individual plays the part of 
spectator and critic. As in the preceding case the type is 
largely auditory and the voices partake of an hallucinatory 
character. 

The fourth case illustrates the habit of internal conversation 


na. 


ENDOPHASIA AND AUDITORY HALLUCINATION. 131 


in which the part of the second person is personified, though 
not hallucinatory in character, and in which the part of the 
first person is predominantly motor in type. I found this pa- 
tient one day, standing talking most animatedly to no one. 
She would apparently listen to what some one had to say and 
then answer at great length. On questioning, however, I 
found that she was only making believe that some one was 
there, and talking as she would if that were the case. It was 
simply the child’s game of make believe. She evidently 
thought internally the responses to her talk, but she external- 
ized only her own individual part of the conversation. 

The fifth case is similar to the last, with one exception. The 
part of the second person, though not vocalized, is of an hal- 
lucinatory character. The patient feels sure that she hears 
others talking to her, she recognizes the voices as belonging to 
friends and relatives. She will turn suddenly away when in 
the midst of a conversation to answer something she alone has 
heard. She localizes the voices as coming from a given direc- 
tion. The part of the second person in these conversations is 
evidently largely auditory, though not purely so, as in times 
of great agitation and excitement it is also occasionally vocal- 
ized. 

The sixth case is illustrative of the habit of internal con- 
versation in which both parts of the dialogue are motor in 
type, though the part of the second person is personified and 
is not so strongly motor as that of the first person. The part 
of the second person is, like that of the third case, hallucina- 
tory in character. 

This patient continually moves her lips and talks in a whis- 
per. She then is apt to say ‘“‘I hear’’ as a prelude to an un- 
ending flow of talk. If asked who says these things she stops 
to think and says—‘‘It seems to be my mother,’’ or perhaps 
sister, or some friend or sometimes God. She also talks much 
aloud when alone as though addressing these voices. The 
personal part in her talk is the more strongly motor in tend- 
ency, it is spoken in a loud, rich voice, while the part of the 
second person is merely murmured and sometimes is only be- 
trayed by a slight movement of the lips. This second part is 
also probably largely auditory in type, as she localizes it in 
Space, and never fails to sharply distinguish it from her per- 
sonal thought. What a prominent part these hallucinatory 
voices play in her mental experience, and how clearly they are 
defined from what she recognizes as her own thought, is shown 
by the following test. I asked her to write a list of words. 
She writes rapidly, and in fifteen minutes had written three 
hundred and thirty words in sentence form, prefixing to each 
sheet the words ‘‘I hear.’’ I then asked her not to write what 
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she heard, but to write me a list of words which she thought 
of herself. In the same length of time she wrote forty-one 
words. She made a visible effort to think of words and would 
sometimes start one, then pause, saying, ‘‘No, I heard that,’’ 
think a moment, and finish out the word in some other way. 

The seventh case is again the result of personified internal 
dialogue. The old lady sits day after day talking to her sons 
and daughters, her grand-children and all those whom she has 
loved in the past. She always answers herself and is sure 
they are somewhere near, though she does not see them, for 
‘they must be’’ when she ‘‘hears them talk.’’ She thought me 
quite ridiculous for asking whether they were here. ‘‘Of course 
they are, don’t you hear them?’’ said she. Both parts of the 
conversation in this case are strongly articulatory in type. 

The eighth and last case is also illustrative of the habit of 
personified internal dialogue, in which both parts are equally 
motor in character. This case which drew my attention to 
the character of the whole group, is that of a woman who is 
harassed continually by ‘‘people talking to her.’’ I could hold 
her attention no longer than a few seconds, when she would 
turn excitedly away to answer some imaginary voice. ‘‘Do 
make them stop, so that I can talk to you. Do make them 
stop, they frighten me so. They say such dreadful things. 
Did you hear that? They are going to murder me,’’ etc. Her 
speech was so badly affected that it was difficult at first to fol- 
low her talk, but I soon found that all she hears she said her- 
self. She would say something, and then answer in a different 
tone of voice and with very different emotional expression. 
She would almost weep in her own character and the next 
instant break out in some angry threat. In this case the 
motor tendency predominates in both the personal and the 
hallucinatory portion of the conversation. The voices are not 
localized at some distance from the patient, as they were in the 
three preceding cases, when the auditory characteristics were 
strong, but in her head or mouth. She says that these people, 
whom she names, use her mind and sometimes her voice, and 
that she cannot stop them and they drive her frantic. 

These eight cases seem to me to illustrate the different varie- 
ties of internal speech, isolated, undisguised, and uninhibited, 
as they never appear in a normal mind. The first case is one 
of internal soliloquy. The second is one of impersonal ex- 
ternal dialogue, in which the auditory element is quite strong, 
and in which the part of the second person is hallucinatory in 
character. The third is one of personified internal dialogue, 
in which, also, the auditory element is strong and the part of 
the second person is of hallucinatory character. The fourth 
is one of personified internal dialogue, in which the stronger 
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motor tendency is in the part of the first person. The fifth 
differs from the fourth only in that the second person is hal- 
lucinatory in character. ‘The sixth is similar in form, the 
motor tendency being strong in both parts of the dialogue, 
though predominantly so in the part of the first person. The 
seventh and eighth cases are both examples of personified in- 
ternal dialogue in which the part of the second person is hal- 
lucinatory, and equally motor in type with the part of the first 
person. In the seventh case, however, it is probable that the 
auditory element is strong in the part of the second person, 
while in the eighth case it is weak or altogether lacking. 
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THE NEGATIVE ASPECT OF HALLUCINATIONS. 


(From the Psychological Laboratory of the University of 
Pennsylvania. ) 


By CLARA HARRISON Town, 


Resident Psychologist at the Friends’ Asylum for the Insane, 
Frankford. 


In an article on ‘“The Psychology of Hallucinations’ pub- 
lished in the Journal of Mental Science, October, 1904, Dr. W. 
H. B. Stoddard elaborates a theory of hallucinations which is 
largely based upon the belief, that while an individual is expe- 
riencing an hallucination he is incapable of experiencing a sen- 
sation or perception of the same modality. He holds that there 
is no physical difference between the processes of perception, 
ideation, illusion and hallucination; that they each depend upon 
an excitation of sensory centres, but that in each case the stim- 
ulation ofthese centres is from a different source. For percep- 
tion the stimulation is peripheral, for ideation central (while 
a simultaneous process of perception may be in progress), for 
illusion it is both central and peripheral, and for hallucinations 
it is central alone, with absolutely no accompanying peripheral 
stimulation. With hallucinations, he believes, there is a disso- 
ciation of the sensory centres affected from the neurons which, 
normally, conduct to them stimulation from the sense organs. 

Dr. Stoddard bases his theory on an eighteen months study 
of the subject, during which he found no case where an hallu- 
cination was accompanied by perceptions of the same modality. 
Every hallucinatory process has, he thinks, two sides, a posi- 
tive side which results in the hallucinatory image and a nega- 
tive side which prevents simultaneous perception by the same 
centre. 

Bearing Dr. Stoddard’s theory in mind, I have carefully 
studied the phenomena of hallucination as they appear in many 
patients of the Friends’ Asylum for the Insane, Frankford. 

I have found that the negative factor is not invariably pres- 
ent. In many cases it is evident, in many more it is most diffi- 
cult to determine whether it is present or not, but in a few it 
is unmistakably absent. These few cases I shall describe in 
detail. 

The first case is that of a young girl who is almost continu- 
ally distracted by voices. I endeavored to hold her attention 
by reading to her. This I could do but for a moment, when 
she turned distractedly away to answer some threatening voice. 
I continued to read, and, later, when her attention returned to 
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me, I asked her whether I had been reading while she was 
holding this conversation. She answered, ‘‘Yes, I heard you 
read, but I could not understand a word you said; won’t you 
stop their talk, so that I may listen to you?”’ 

The next case is that of a woman who spends most of her 
time talking to imaginary people, whom she seems to see as 
well as hear. She has frequently made me a third party in 
these conversations, answering my questions and referring what 
she hears to me. At other times, however, I have failed en- 
tirely, in spite of repeated efforts, to gain her attention. 

Another woman will usually answer my questions when in 
the midst of a conversation with the unseen, but at times I 
have spoken to her in a loud voice and even shaken her with- 
out effect. 

A fourth woman was leaning forward in eager attention one 
day listening to a conversation, snatches of which she would 
repeat to me, saying—‘‘Hush, I shall tell you later !’’ A nurse 
entered the room making a slight noise, when she said peremp- 
torily—‘‘Will you please be still, that I may hear this conver- 
sation.’’ 

These four cases are, undoubtedly, true examples of genuine 
auditory hallucinations. In every case the patients were able 
to identify the speakers. 

They seem to be good evidence that all hallucinations are not 
negative in character. 

In a study of visual hallucinations, the result was the same. 
Sometimes the negative side was evident, and sometimes the 
immediate surroundings formed the setting for the hallucina- 
tions. 

These facts seem to call for some other explanation than 
that offered by the theory of dissociation of peripheral tracts. 
An adequate hypothesis must explain equally well an hallucina- 
tory process possessing the negative characteristic and one 
that does not; and should, moreover, demonstrate why this neg- 
ative factor is sometimes present and sometimes missing. 

Is it not possible to find such an explanation in the variabil- 
ity of the degree and span of attention? 

If the visual or auditory centres are in a state of great activ- 
ity, initiated by central stimulation, it is quite possible that 
the accompanying ideas or images may absorb the whole atten- 
tion to the utter exclusion of all other sensations. In such a 
condition there would be no physiological dissociation, the 
phenomena would be the result of a concentration and limita- 
tion of the attention. 

An analogous condition is that of the normal individual when 
he is engrossed by a book or some line of thought to such an 
extent that he becomes oblivious to his surroundings. It is 
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sometimes nearly impossible to gain a scholar’s attention, and 
ordinarily intelligent individuals often become so absorbed in a 
novel that it takes repeated calls to arouse them. 

When hallucinations occur it appears to me that this condi- 
tion is only carried one step further. The isolated idea which 
in the normal individual is felt to be internal, that is, a part of 
himself, of his ego, is now thought to be a foreign phenome- 
non, a part of the non-ego of the external world. 

As Stoddard says, every perception of an object and also 
every idea of an object has certain space relations, and is al- 
ways projected and localized in space to some extent. In such 
a mental condition as that above described, the idea, with all 
its local character, is strong enough to predominate over actual 
peripheral stimulation arising from the same place in space. 
Such a projected perception or idea centrally aroused differs 
not at'all in character from a similar perception aroused by 
peripheral stimulation, and to the experiencing individual it is 
equally real. 

With a normal individual the mental content is so complex 
that it is usually impossible for one idea to absorb the attention 
to the extent necessary for the production of hallucinations; 
a balance is maintained among the many psychic phenomena. 
When many brain centres are simultaneously active they ex- 
ercise an inhibitory effect one upon the other and prevent un- 
due activity of any one centre. 

With the insane, on the contrary, it is a well recognized fact 
that the mental life is characterized by a monotonous repetition 
of some one line of thought. Certain brain centres are con- 
stantly active, while others are sluggish or entirely inert. 

As attention depends upon the mental content, being strong 
where this content is rich and vivid, and weak where it is im- 
poverished, such a mental state is favorable to the limitation 
of the attention to one line of thought and also to great concen- 
tration upon it. 

If this limitation of the attention is very marked and the 
hallucinatory idea is strong enough to completely fill its span, 
the negative character of the phenomenon will be manifest. . If, 
on the other hand, the span of attention is a little more exten- 
sive and the hallucinatory idea does not completely fill it, other 
sensations and perceptions may accompany it. 

Hallucinations, then, may depend upon an abnormal activity 
of certain brain centres coupled with a diminution of activity 
of the other brain centres, or in psychical terms, on a concen- 
tration and limitation of the attention. 

An hallucination is, according to this theory, simply a nor- 
mal mental process in isolation, uninhibited by other mental 
processes; and the isolation is produced not by dissociation but 
by a narrowing of the field of attention. 
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Selected Sermons of Jonathan Edwards: Edited with Introduction 
and Notes by H. N. GARDINER. New York, The Macmillan 
Co., 1904. pp. xxix, 181. Price, 25c. 

This volume of the Macmillan pocket series of American and Eng- 
lish Classics contains an introductory account of Edwards by Profes- 
sor Gardiner (23 pp.), a very careful reprint of seven selected sermons 
(153 pp.), and an appendix of notes (27 pp.), together with a portrait 
of Edwards from the painting of 1740, a facsimile of the MS. of the 
first page of the sermon on Spiritual Light, and a cut of the Meeting- 
house at Northampton in which Edwards preached. The sermons are 
those on Man’s Dependence and on Spiritual Light, the Enfield and 
the Farewell sermons—these chosen for intrinsic reasons; that on 
Ruth’s Resolution, selected as a revival discourse of a different type 
from the Enfield sermon; that on A Strong Rod Broken and Withered, 
which gives Edwards’ picture of the Christian Statesman; and that on 
Many Mansions, which has not before been published. The editorial 
work has been excellently done. It would be an improvement if the 
page-headings were made analytic; and the final blank page —— be 
utilized, in another edition, for a brief bibliography. E. B. T. 


Hume: The Relation of the Treatise of Human Nature, Book i, to 
the Inquiry Concerning Human Understanding. By W.B. ELKIN. 
New York, The Macmillan Co., 1904. Pp. ix, 330. 

‘There is a general impression,’’ writes Professor Elkin, ‘“‘that the 
position which Hume adopted in the Inquiry is not identical with that 
which he had previously assumed in the Treatise, and consequently, 
that the philosophical principles of the latter work are not exactly 
the same as those of the earlier. . . . Onthe other hand, some writers 
assert that the position or standpoint of both books is essentially the 
same. But then, regarding the exact nature of that position there are 
again differences of opinion. .. . To clear up this obscurity on the 
question of Hume’s exact position in his two chief philosophical 
works is the aim of the present investigation.” The comparison has 
been minutely and impartially made, with the result (given in detail, 
Ppp. 293 ff.) that the two works represent essentially the same stand- 
point, the principal differences in the Inquiry consisting of omissions 
and additions. It is a pleasure to notice that Dr. Elkin avoids the 
fallacy, all too common in philosophical writings, of making Humea 
modern psychologist or identifying modern psychology with Humian 
psychology. The book should have had an index. E. B. T 


Religion: its Origin and Forms. By J. A. London, 
J. M. Dent & Co., 1904. pp. 185. 

This volume of the Temple Primers opens with an introductory 
sketch of the province, problems and history of the science of religion. 
Then follows a group of chapters dealing with the origin of religion, 
under the headings Animism, Nature-worship, Animal-worship and 
Totemism, Ghost-worship, Fetichism, Religion and Magic: Priest and 
Sorcerer, the Soul: Immortality and Transmigration, Feeding the 
Dead and Sacrificial Rites, Religion and Mythology. A second group 
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deals with the forms of religion, as those of Babylon, Egypt, China, 
India, Greece, Rome, Scandinavia, Mazdeism and Zoroaster: Mith- 
raism, Buddhism, and Mohammedanism. A short, selected bibliogra- 
phy ends the work. 

Such a Primer is a difficult book to write, and an extremely easy 
book to criticise. It demands not only wide and varied learning, but 
it demands that the writer take up, as occasion requires, the attitude 
of the philosopher, the psychologist, the historian, and the anthropol- 
ogist. Needless to say, it demands absolute impartiality: though the 
publishers of the present work may well have found their account in 
entrusting its preparation to a clergyman. In the reviewer’s opinion, 
however, the fatal defect of the Primer lies in its author’s innocence 
of any scientific psychology. The naive assumption of a religious 
faculty (15, 19); the citation of Myers’s psychorragy (71); the ascrip- 
tion of religious doctrine to the ‘soul’ mae mythology to the ‘imag- 
ination’ (87); the lack of reference to modern psychological studies: 
such sins of omission and commission cannot but inspire the psycho- 
logical reader with distrust. It is in no carping spirit that the further 
criticism is made that sometimes (as in the bracketing of Tylor and 
Spencer: 14) the writer’s facts are at fault. M. W. WISEMAN. 


Selections from the Music Dramas of Richard Wagner: arranged for 
the Piano by O. SINGER. With a preface by R. ALDRICH. Boston: 
Oliver Ditson Co. pp. xviii, 194. Price (cloth), $2.50. 


Twenty-four Negro Melodies: transcribed for the piano by S. CoLE- 
RIDGE-TAYLOR. With preface by B. T. WASHINGTON. Boston: 
Oliver Ditson Co. pp. ix, 127. Price (paper), $1.50. 


These two books, Nos. 15 and 17 of the well-known ‘‘Musicians’ 
Library,” are of especial interest to psychologists. Mr. Aldrich’s 
preface gives a biographical sketch of Wagner, and a brief analysis of 
the operatic situation in the various selections made by Mr. Singer. 
He reproduces further the programme-note written for the Tristan 
Prelude and the close of the Prelude itself (this in facsimile), and 
adds a useful bibliography. The twenty-five selections—all within 
the compass of a moderately skilled performer—are taken from Rienzi, 
the Flying Dutchman, the Rhinegold, Siegfried (one feach); Tann- 
hauser (2); Lohengrin, Tristan and Isolde, the Walkiire, the Gotter- 
dammerung, Parsifal (3 each); and the Meistersinger (4). No one of 
them could well be spared; and if there are a few more whose omis- 
sion one deplores, it must be remembered that the book had its limits. 
A reproduction of the last photograph of Wagner taken from life 
forms the frontispiece of the volume. 

Mr. Washington outlines the life and works of Coleridge-Taylor, 
and offers some general remarks on the qualities of Negro music. Of 
the twenty-four compositions included in the book, four are based on 
themes from southeast Africa; two come from south Africa; one each 
from west Africa and the West Indies; the remaining sixteen are based 
upon American Negro melodies. The themes and the handling of the 
themes are alike interesting, esthetically and psychologically. A 
portrait of the composer serves as frontispiece. P. E. WINTER. 


The Art of the Musician, a Guide to the Intelligent Appreciation of 
Music, by H. G. HANCHETT. New York: The Macmillan Co. 
pp. viii, 227. 1905. Price, $1.50 net. 


“This book is the outgrowth of acourse of popular lectures intended 
to give to persons fond of music, but not thoroughly versed in its in- 
tricacies, an idea of the reasons which prompt musical critics to ap- 
prove or disapprove of musical compositions. . . . It is designed 
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to emphasize the distinction between the real study of music and the 
study of the arts of playing and singing which has so long been mis- 
taken for it. . . . It aims to supply such information as should 
make concert-going more satisfactory, listening to music more intelli- 

ent. . . . The ability to understand musical notation is all that 
is presupposed of knowledge of the art.’? These, in the writer’s own 
words, are the aims of the present volume. In the reviewer’s opinion, 
they have been successfully attained. In a course of popular lectures 
we expect to find, here and there, statements that are too sweeping, as 
well as statements that are unduly definite. The writer’s teaching, 
however, is in general so sound that the few slips of this kind—none 
of them important—may readily be condoned. The work, on the 
whole, is excellent. 

Ch. i (Art and Music) lays much-needed emphasis on the intel- 
lectual aspect of music. ‘‘A fine art is the conscious or intentional 
utterance of thought, by word or action, for the purpose of creating 
beauty or expressing emotion;’’ ‘‘the art of the musician is the con- 
scious, intelligent or intentional handling or combination of sounds, 
rhythms, musical conventions, and inspirations, into works display- 
ing beauty or expressing emotion.’’ Definitions that are, truly, only 
proximate; but sound as far as they go. Admirable, here and else- 
where in the book, is the author’s insistence that melody is a datum, 
part of the materials of the musician, not a product of his art. Ch. ii 
(The Material of Music) treats of tone-color and of dynamic expres- 
sion. Ch. iii (The Life of Music) discusses time, rhythm and meter; 
the chapter, which is one of the best, has 26 musical illustrations. 
Ch. iv (The Soul of Music) deals with harmony, and ch. v (The 
Beauty of Music) with the organization of melody (7 and 15 illustra- 
tions). They are altogether untechnical and unconventional, and 
contain much good analysis. Ch. vi (The Germ of Music) takes up 
the motive, including the Wagnerian leading motive (12 illustrations). 
Then follow chapters on thematic development (15), counterpoint and 
fugue (3), form-building, classical music (2) and romantic music (1 
illustration). To mention in these last chapters are the analysis of 
the scherzo of Schubert’s first sonata, and the remarks on verbal in- 
terpretations of romantic music. Ch. xii characterizes the Art of the 
Interpreter. From ch. xiii (Musical Education) we should like to 
quote im extenso. ‘‘What we need is education in music. Not more 
professors, but more amateurs; not more concerts, but more intelli- 
gent interest in those we have; not more compositions, but more com- 
prehension; not more vocal culture, but more and larger choral socie- 
ties; not more technic, but more interpretation.”’ ‘‘The crying need 
‘i is not higher but broader culture, not more musicians but 
more music lovers, not more technic but more understanding.’’ To 
these words every psychologist who is musically minded—and can one 
be a psychologist without the musical mind?—will unreservedly sub- 
scribe. Finally, ch. xiv (The Test of Musical Worth) sums up the 
teaching of the book in the sentences: ‘‘The appeal of music is to the 
emotions, but it is an intelligent appeal. Perhaps its greatest virtue 
is its power of lifting the mind above sordid cares and worries, and 
giving pleasure, stimulus, peace, and rest; but that power is multi- 
plied many times by a thorough understanding of the structure and 
secret of the art.’’ 

The 81 illustrations are well chosen, and the book gains greatly, of 
course, if read with a piano at hand. The reader must, however, reso- 
lutely break the back of the binding, if he is to make the volume lie 
flat upon the rack. P. E. WINTER. 
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My Little Book of Prayer, by M. StTRopE. Chicago: Open Court 
Publ. Co., 1905. pp. 77. 

This is a little book not so much of prayer, in the accepted sense of 
that term, as of moral and religious reflections thrown into parable or 
aphoristic form. It shows the influence not only of the great Christian 
sources, but also of Marcus Aurelius and—Omar Khayyam. The 
writer is not quite sure of the distinction between ‘shall’ and ‘will,’ 
and, in general, fails at times to preserve the desired dignity of phrase. 
It is almost comic to read: ‘‘May God forgive you your weakness—but 
let him damn mine,’’ despite the elevation of the sentiment; and the 
ejaculation ‘‘Dear Heaven, I am a Hercules of disseminated force’’ is 
hardly a specimen of English undefiled. M. W. WISEMAN. 


The Napoleon Myth, by H. R. Evans. Containing a Reprint of 7he 
Grand Erratum, by J. B. PERES, and an Introduction by P.CARUS. 
Chicago: the Open Court Publishing Co., 1905. pp. 65. 

“The sole excuse for republishing M. Pérés’ ‘Grand Erratum,”’ 
says Dr. Carus in his introduction, ‘‘is the fact that it is out of prin} 
and forgotten.’’ The excuse is sufficient—quite apart from the in- 
trinsic interest of the brochure, which Dr. Carus naturally compares 
and contrasts with Whately’s ‘‘Historic Doubts.’? The book is lavishly 
illustrated with Napoleon-pictures, and makes an attractive and ac- 
ceptable volume,—except that, in his essay on ‘“‘The Mythical Napo- 
leon,”’ Mr. Evans has written somewhat scrappily, without any serious 
effort to make the most of his subject. P. E. WINTER. 


Der doppelte Standpunkt in der Psychologie, von MARY WHITON CAL- 
KINS. Leipzig, Veit und Co., 1905, pp. 80. To be had in the 
United States from C. A. Kohler, 149 A Tremont St., Boston. 

An Introduction to Psychology by MARY WHITON CALKINS. New 
York, The Macmillan Co., 2d Edition, 1905. 

The ‘double standpoint,’ to the exposition of which Professor 
Calkins devotes the German pamphlet mentioned above, may be indi- 
cated by the following brief quotation from the second section of the 
paper where she takes up her chief problem. ‘‘The thesis which I 
seek to uphold,’ she says, ‘“‘is the following: Consciousness can be 
considered psychologically from two standpoints: It may be conceived 
either as a series of connected psychical occurrences, with no reference 
whatever to a conscious Ego, or as a many-sided consciousness of a 
particular Ego in its relations. Following from these two view-points 
arise two sorts of psychology: A phenomenal psychology (Vorgang's- 
psychologie) and an Ego-psychology (/chpsychologie)’’ (pp. 32-33)- 
The first of these is the professed ideal of many modern psychologists, 
however shiftingly they may hold to it at different points in their 
psychologizing. Professor Calkins contends, on the contrary, that 
this sort of psychology, capable though it is of perfectly self-consist- 
ent carrying out in all respects, is insufficient, because it neglects the 
fact that all consciousness is personal, ‘‘that every consciousness be- 
longs to some sort of Ego.’? The Ego which is central to the Ego- 
psychology is too fundamental for exact definition, but the conscious- 
ness of it can be described in part, and shows also this important 
relation, to wit, that it is social; one knows himself only in relation 
to other selves. 

Professor Calkins’s argument in the remainder of the paper is 
directed to showing by an examination of concrete psychical experi- 
ences that the phenomenal theory is insufficient by itself for the ex- 
planation of the full richness of the mental life. 

The same double standpoint was influential with Professor Calkins 
earlier in the preparation of her well-known text-book. A second 
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edition of this has now permitted a number of minor changes, and 
made an excellent work a little better still. E. C. S. 


Schriften der Gesellschaft fiir Psychologische Forschung, Heft 15 (III 
Sammlung). Johann Ambrosius Barth, 1905. p. 583-692. 
Psychologische Faktoren des Modernen Zeitgeistes, von RICHARD 
BAERWALD. 
Die Bedeutung des Urteils fiirdie Auffassung, von PAUL MOLLER. 
The first writer discusses the psychological factors of the spirit of 
modern times. Under this general theme he treats of the possibilities 
of a historical psychology, the dominance of rhythmic type in Ger- 
man painting, concrete and abstract types, and the feeling for ideas. 
He believes as compared tothe time of Goetbe the present is a concrete 
epoch, but that there is an alternation between these points of view. 
An interesting chapter is that dealing with mixed feelings which he 
thinks dominate to-day. These complexes are of the stimulating and 
not of the restful type. He thinks that the tragic element has in re- 
cent times retreated to make room for the naturalistically sad, and 
that our feelings are now a little dulled. 


Ophthalmic Neuro-Myology, by G. C. SAVAGE. Published by the 
author, Nashville, Tenn., 1905. pp. 221. 

This book attempts to make the ocular muscle problem easy. The 
hypothesis on which the author bases everything is that there are 
eight conjugate brain centres in the cortex by means of which the sev- 
eral elements of vision are effected, and one conjugate centre control- 
ling convergence. These centres act like orthophoric and heterophoric 
eyes, and when there is only one eye. Each of these is connected with 
two muscles, and the work done by the centre and its muscles under 
guidance of volition is normal. These centres have no causal relation 
with heterophoric states and cannotcorrect them. Thus there are twelve 
basal centres which connect with only one muscle. If the eyes are 
emmetropic-orthophoric these centres are forever at rest, but if there 
is any form of heterophoria one or more centres must be forever active 
when we wake. Centres do not cause the heterophoria, but are ready 
to correct it, guided by a ‘‘fusion faculty.’? Each basal centre is ready 
to act on its muscle whenever there is a condition that would cause 
diplopia. 

L’ Année Psychologique, publiée par ALFRED BINET. Onziéme Année. 
Masson et Cie., Paris, 1905. pp. 693. 

In this number we have a rather unusual number of interesting 
memoirs, mostly by Binet and his pupils. Those most significant are 
on mental fatigue, the science of testimony, measure of intelligence, 
association of ideas, the tactile sensibility in organic hemiplegia, the 
asymmetry of the gustatory sense, metaphysics of sensation and of the 
mental image, the method of measuring the degree of instruction, etc. 
These take up the first 336 pages. Then follow general reviews, ex- 
tending to the 572nd page. The remainder of the book is devoted toan 
analysis of the more important literature. It is greatly to be deplored 
that this part has now shrunk toa trifle over a hundred pages. It is 
no disparagement to the papers of Binet and his friends to say that it 
is the bibliography to which chief importance is attached, and the 
diminution of which is sure to be generally deplored. 

Das Ich und die sittlichen Ideen im Leben der Volker, von O. FLUGEL. 
Vierte Auflage. Hermann Beyer & Sohne, Langensalza, 1904. 
pp. 270. 

We here have a revision of the fourth edition of a work first pub- 

lished in 1889 which treats the problem of the ego in a comprehensive 


142 LITERATURE. 


and somewhat novel way. Stress is laid upon the fact that of all 
philosophic problems this was the last to appear and to become promi- 
nent. The ego is first treated in its relations with the body, then to 
the environment. An interesting chapter shows how the name of a 
ages is the ego itself heard, and how relationship is often expressed 

y similarity of names. It is then treated as the personifying element 
in the apprehension of nature; then as an active principle expressed in 
self-feeling, irritability, dance, penance, the projection outward; and 
lastly, the abstract ego, its kernel, the migration of souls, absorp- 
tion in Nirvana, and the individual and social self. The next and 
longest chapter treats of the development of the moral ideas, espe- 
cially those of beneficence, perfection, right, justice, inner freedom, 
and bem influence of religion upon morals, and last of all, the absolute 
in ethics. 


The Night Side of Nature, or Ghosts and Ghost Seers, by CATHERINE 
Crowe. E. P. Dutton & Co., New York, 1904. pp. 502. 

Here we have an old book reprinted as new, full of ghost stories 
told in the most real, matter-of-fact way by a profound believer in 
them. The evidence is often given in great detail, and the marvels, if 
we accept the text, are often simply stupendous. We wonder why the 
members of the Psychic Research Society have overlooked the work, 
which so abounds with evidences of telepathy and spirit agency. 


Der Befruchtungsvorgang: Sein Wesen und seine Bedeutung. Von 
ERNST TEICHMANN. (Aus Natur und Geisteswelt. Sammlung 
wissenschaftlich-gemeinverstandlicher Darstellungen.) B. G. 
Teubner, Leipzig, 1905. pp. 102. 

This commendable primer opens with a history of the problem of 
fertilization, and then discusses successively cell division, germ cells, 
fertilization, ripening of the germ, the division and conjugation, the 
chromosomes and mixtures of qualities, and ends with a brief résumé 
of the literature. 


Biographic Clinics, Volume 3. Essays Concerning the Influence of 
the Visual Function Pathologic and Physiologic upon the Health 
of Patients. By GEORGE M.GouLp. P. Blakiston’s Son & Co., 
Philadelphia, 1905. pp. 516. 

In this third volume Dr. Gould continues his studies upon the effect 
of eye troubles upon general health. Here he discusses, as salient in- 
stances of life-long suffering that might have been avoided, John 
Addington Symonds and Taine. Dr. Snell discusses eye strain as a 
cause of headache and other neuroses, and Dr. C. E. Pronger describes 
the influences of slight errors of refraction on the nervous system. In 
the sixth chapter the author resumes the work and discusses the his- 
tory and etiology of megrim, the ocular factors in scoliosis and 
their bearings upon handwriting, dextrality, and sinistrality, with 
their pathological results. Subsequent chapters are on subnormal 
accommodation and premature presbyopia,{on the reception of mental 
discoveries, post-mydriatic refraction tests, and a mathematically per- 
fect eye. Theauthor advocates pens with augle holders which permit 
an unobstructed view of the nib of the pen as it moves, without mal- 
posture of body, hand, paper or head. 


The Psychic Treatment of Nervous Disorders. Pavut, DuBois. (Trans- 
lated by Smith Ely Jelliffe and William A. White.) Funk and 
Wagnalls Co., New York and London, 1905. pp. 466. 

This is a translation of Dubois’s Les Psychonevroses et leur Trait- 
ment Moral, which became so popular in the original as to necessitate 
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a second edition within a short space of time. To a stranger or novice 
in psychotherapy, this work would seem to be an emanation of 
Christian Science, except that it is pre-eminently more scientific. The 
author is certainly an enthusiast along his particular line of psychic 
treatment and for him, sound moral persuasion is the universal pana- 
cea for all the functional nervous ills that flesh is heirto. His un- 
bounded enthusiasm and self-confidence have led, however, to a certain 
amount of figurative blindness on other sound therapeutic measures, 
even to waking suggestion and hypnosis, unless, indeed, he includes 
the former in the category of moral treatment. Starting with a few 
psychological considerations, at times lacking so much in clearness as 
to become almost metaphysical, he discusses the manifold symptoma- 
tology of various functional nervous conditions, but always with a 
commentary strongly colored by his own individuality. In the same 
vein and with the citation of many cases, he discusses hysteria, mild 
periodic depressions, various phobias and fixed ideas, gastro-intestinal, 
circulatory, cardiac, and urinary disorders. He insists on isolation, 
rest in bed and over-feeding as an important adjunct to his moral con- 
versations. There is much moral and ethical preaching, much repeti- 
tion and many of his points lack force, not fosente of their sound 


basis and intrinsic merit, but because of much redundancy of lan- 
uage and a very conscious striving after rhetorical effect. The trans- 

fation is well and faithfully done, with the exception of a very obvious 

fault of the English rendering of the title. I. H. CorratT. 


Investigations of the Departments of Psychology and Education of the 
University of Colorado. Vol. II, No. 3, June, 1905. University of 
Colorado, Boulder, Colo. pp. 37. 

This number is perhaps on the whole the best of this series. Its 
articles are on the home study of geography, history, physics, eco- 
nomics, mathematics, and modern language in the high school, the 
teaching of botany and zodlogy. All are interesting and some are 
quite suggestive articles. 


Psychologie und Pathologie der Vorstellung. Beitrége zu» Grund- 
legung der 4 sthetik, von RICHARD WALLASCHEK. Johann Am- 
brosius Barth, Leipzig, 1905. pp. 323. 

The first part discusses psychic expression and its diseases in lan- 
guage, song, reading, writing, gesture, action, and the explanation of 
these. The second part is devoted to inner psychic life and the essence 
and lapse of concepts, treating of their composition, association, mem- 
ory, the natural and artificial diseases of concepts, and natural and 
artificial sleep. 


The Foundations of Philosopny. A Study of the Doctrine of Degrees 
and Related Subjects, by GEORGE TROBRIDGE. James Spiers, 
London, 1904. pp. 94. . 

Besides the doctrine of degrees the author discusses the philosophi- 
cal value of the doctrine and its practical bearings. His interpreta- 
tion of the doctrine is essentially ethical and religious. He even 
makes it include pedagogy. 


Proceedings of the Society for Psychical Research. Part L, Vol. XIX, 
April, 1905. Brimley, Johnson & Ince, Ltd., London, 1905. pp. 77. 


Weitere Untersuchungen tiber Beziehungen zwischen geistiger Er- 
midung und Hautsensibilitat, von H. GRIESBACH. Sonderabdruck 
aus Internationales Archiv fiir Schulhygiene, I. Bd., 3. Heft, pp. 
317-417. Wilhelm Engelmann, Leipzig, 1905. 
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Physiological Psychology, by W. McDoucaLL. (Temple Psychological 
Primers.) J. M. Dent & Co., London, 1905. pp. 172. 


Beitrége zur Psychologie der Aussage, von L. WILLIAM STERN. 
Zweite Folge. Zweites Heft. Johann Ambrosius Barth, Leipzig, 
1905- 154. 


The Response of Inorganic Matter to Stimulus, being the Friday 
Evening Discourse at the Royal Institution, May 10, 1901, by 
JAGADIS CHUNDER BOSE. Wm. Clowes & Sons, Ltd., London, 
Ig0I. pp. 24. 


NOTES AND NEWS. 


THE ANNUAL MEETING OF THE AMERICAN PSYCHOLOGI- 
CAL ASSOCIATION. 


The fourteenth annual meeting of the American Psychological As- 
sociation was held Dec. 27, 28, and 29th at Emerson Hall, the new 
Harvard building devoted to philosophy and psychology. The open- 
ing session was at nine o’clock, Wednesday morning, the president of 
the association, Miss Mary Whiton Calkins, Professor of Philosophy 
and Psychology at Wellesley College, presiding. The first paper was 
by G. V. N. Dearborn, of Tufts Medical School, on the Relations of 
Muscular Activity to the Mental Process, followed by a paper by Irving 
King, entitled ‘‘How can the Relation of the Conscious to the Subcon- 
scious be best Conceived?’’ Mr. King’s point of view being that con- 
sciousness is best conceived as a point rather than a field capable of be- 
ing graded off into the subconscious. These first two papers were 
included in one discussion. The next group of four papers was de- 
voted to Comparative Psychology. The first, by Dr. Yerkes, of Har- 
vard, om the Senses and Intelligence of the Japanese Dancing Mouse, 
was rendered especially interesting by the exhibition of the mice them- 
selves, who showed the peculiar movements characterized as dancing. 
This study is still in progress but so far ascan be stated from present re- 
sults, the animals seem to be degenerate and below the standard of 
commion mice in sense and muscular development. Mr. Porter, of 
Clark University, then gave a five minute report on the Psychology of 
the English Sparrow, followed by a longer paper on the Habits and In- 
stincts of Spiders, genera Epeira and Argiope. Mr. Porter’s extensive 
observations show for these two species a variability in instinct and a 
distinct adaptation to environment in the web spinning. Mr. Davis’s 
—_ discussed a different species of spider, which does not spin 
webs but forms its nests by the binding of grass blades. The character 
of these nests is such that in their variability Dr. Davis thinks we may 
have a possible objective measurement of the variability of instinct. 
Prof. Wheeler’s paper on the Ant Queen as a Psychological Study 
brought out some exceedingly interesting points in the life history 
of the ant queen, which was shown, in many respects, to be quite the 
opposite of that of the queen bee, since the aut queen unites in herself 
all the characteristics and energies of the worker as well as the repro- 
ductive functions. The next paper, by Dr. Edward Cowles, was a Study 
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of the Physiology of Conscious Experiences, and was a plea for func- 
tion rather than structure as a correlate of pathological mental con- 
ditions. This was followed by a paper by Dr. Boris Sidis on the 
Nature of Hypnotic and Post-Hypnotic Hallucinations. Dr. Sidis is 
convinced, from his experiments in hypnosis, that there are no true 
hallucinations in either hypnotic or post-hypnotic states but illusions 
which the subject really knows to be such. 

The morning session closed with a paper on the Psychology of Sud- 
den Conversions, by Dr. Morton Prince, who has made a detailed 
study of a single case, in which he was able to recover by hypnosis 
the mental experiences of a trance state, of which the subject retained 
no memory in a waking state. The emotional experiences of conver- 
sion following this state, Dr. Prince ascribed to a strong revival of 
previously experienced religious emotions during the trance, which 
was carried over into the conscious state without memory of their cause. 

At the conclusion of Dr. Prince’s paper the association adjourned 
to the Harvard Union as guests at a luncheon given by the Harvard 
Corporation. 

At 2.30 Pp. M. there was a joint meeting of the American Psycholog- 
ical Association and the American Philosophical Association and the 
first part of the session was devoted to the exercises of the formal 
opening of Emerson Hall. The opening address was made by Pres. 
Eliot and this was followed by the principal address on Ralph Waldo 
Emerson, by Dr. Edward Emerson. The dedication exercises were 
followed by a joint discussion before the two associations on the Affili- 
ation of Psychology and Philosophy and with the Natural Sciences. 
The discussion was opened by Prof. Miinsterberg, who expressed him- 
self strongly in favor of the close affiliation of psychology and philos- 
ophy and a withdrawal from the natural sciences. He was followed 
by Pres. G. Stanley Hall, of Clark University, who took the opposite 
view and would withdraw psychology from philosophy and affiliate 
it with the natural sciences, since, from his point of view, psychol- 
ogy, provisionally defined, is ‘‘a description as accurate as may be of 
all those facts of psychic life, conscious and unconscious, animal and 
human, normal and morbid, embryonic and mature which are de- 
monstrable and certain to be accepted by every intelligent unbiased 
mind which fully knows them. They must also be so ordered like to 
like, and organized, that they can all be known with the least trouble. 
The best plan of organization when possible is evolutionary. Under 
this definition, psychology is excluded from no field of experience, 
conscious or unconscious, religious, social, genetic or individual that 
can be studied on the basis of solid empirical data and hence its closest 
allies asan inductive science in the future must be biology, physiol- 
ogy and anthropology. The nature of soul no more concerns it than 
does the ultimate nature of matter and motion concern physics. Such 
discussions belong to philosophy, the history of which Dr. Hall 
would insist upon as a partof the training of every experimentalist 
but would avoid too prolonged a lingering in philosophical fields, 
lest it unfit for dealing with facts. Psychology, he thinks, is yet in 
its dawn and its striving should be toward the goal of becoming a true 
natural history of the soul. The discussion was continued by Profs. 
Thilly, Angell, Taylor and Witmer, the points of view lying between 
those of the first two speakers. 

At 7.45 in the evening the association met to listen to the address of 
the President, on A Reconciliation of Structural and Functional Psy- 
chology. After avery clear statement of the methods of structural 
and functional psychology, whose relation was compared to that of his- 
tology and physiology in the natural sciences, President Calkins pro- 
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posed psychology-considered-a-science-of-the-related-self as a media- 
tion by which the methods of both structural and functional psychol- 
ogy could be utilized and reconciled. The President’s address was 
followed by a reception at the home of Prof. and Mrs. Miiusterberg. 

The morning session on Thursday was opened by two papers on the 
definition of feeling; the first by Mr. Henry Rutgers Marshall, the sec- 
ond by Prof. Norman Gardiner, of Smith College. These two papers 
summed up the various views of feeling and paved the way for a gen- 
eral discussion, in which Professors Angell, Duncan, G. Stanley Hall, 
Judd and Royce took part. The present ambiguities and difficulties 
of the word were fully discussed but no satisfactory substitute was 
suggested. Dr. Hall proposed to cut the Gordian knot by dispensing 
with a formulated definition until we had more knowledge on the 
subject, since, as he believed, we were just now in need of facts more 
than of a definition. As a working definition, the one proposed by Miss 
Washburn was perhaps the one which could be most generally ac- 
cepted. Excluding pain and adopting unpleasantness as the opposite 
of pleasantness, she would define feeling as an unlocalizable and un- 
analyzed mental state. The discussion, while not furnishing any uni- 
fied definition of feeling, brought out with great clearness the necessity 
of careful limitations in the use of a term so ambiguous. 

The next two papers were on Attention—the first by Dr. Burnham, 
of Clark University, on Interest and Attention, in which interest and 
attention were regarded as identical and as intense states of con- 
sciousness, present as aspects of growth. The second paper, by Dr. 
Hylan, of Harvard, was a careful and detailed experimental study of 
attention and its limitations. The next paper, on the Psychology of 
Organic Movements, by Dr. I. Madison Bentley, of Cornell, was a plea 
for a more psychological study of organic movements, in distinction 
from the numerous biological and psycho-physical methods of most 
of the studies in this line. This was followed by Prof. Stratton’s dis- 
cussion of Modified Causation for Psychology (a modification of Maine 
de Biran’s theory), after which the society adjourned to the hall of 
the philosophers to listen to the address of Prof. Wilhelm Ostwald, 
of Leipzig, on Psychical Energy. Prof. Ostwald’s thesis was that as 
energy may be made to explain all physical phenomena, so likewise 
it may explain all psychic facts. Energy is found everywhere in the 
world; it is the most general property whose essence or test is work. 
Wherever work of any sort is accomplished, there we have energy. In 
eating, the chemical energy of food is trausformed into psychic en- 
ergy. When this store of energy has been used up more must be 
added in some way before work can go on. Prof. Ostwald thus re- 
garded all psychology as reducible to energetics. This view would 
play havoc only with dualistic systems based on the old mechanical 
views of matter. In the discussion which followed Prof. Royce 
brought up the objection that physical energy, as we know it, is defi- 
nitely measurable and he did not see how this concept could be ap- 
plied to all the facts of mental life. Some activities were measurable 
but to others the principle of energetics seemed inapplicable. Prof. 
Ladd also asked some questions in regard to the specific application 
of the principle, and the session closed with a hearty expression of 
thanks by Dr. Hall to Prof. Ostwald for his suggestive and invigora- 
ting address, whose point of view he regarded as most helpful for 
modern psychology and irreconcilable only with the old-fashioned 
double housekeeping philosophy which he regarded as the resort of a 
mind not yet in order. 

The afternoon session opened with a discussion (1) of the possibili- 
ties of co-operation between laboratories and departments of different 
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universities and (2) on Elementary Instruction in Psychology. The 
opening paper was read by Prof. Judd, who said that he regarded co- 
operation as regards courses of instruction impracticable since indi- 
vidual interests must largly determine the line of work. He sug- 
gested, however, that since the larger laboratories often manufactured 
some pieces of apparatus, it would be helpful if there was somecentre 
where information in regard to the pieces manufactured by each lab- 
oratory could be obtained. It was also suggested that an interchange 
of the studies made in each laboratory would bea mutual advantage. 
Prof. Sanford then outlined a Beginner’s Course in Psychology which 
the President aptly characterized as ‘invigorating heresy.’’ Prof. 
Sanford said that in teaching psychology, two questions were possi- 
ble, namely: how can the‘subject be presented in the best possible way 
to give an idea of the science itself, and how can it be presented to 
best fit the actual needs of the class in the relations of life? The sec- 
ond question was the one which Prof. Sanford had asked himself and 
his answer was the following course: 

1. Psychology of Learning and Acquisition, including memory, habit, 
practice, acquirement of manual skill and dexterity, learning of lan- 
guage and complex mental operations. 

2. Psychology of Truth and Error, including comprehension, be- 
lief, illusions, prejudices, superstitions, delusions, psychology of testi- 
mony, etc. 

3. The Nature and Laws of Emotion, includiug the strong racial 
emotions, their genesis and hygiene and the psychological basis of 
Esthetics and Ethics. 

4. Psychology of Character and Personality, including types of 
character, criminal, pauper, mystic, philistine, psychology of leader- 
ship, etc. 

“a Facts of the interdependence of mind and body: the permanent 
and alterable in human character, heredity and acquired character, 
hypnotism, mental disease and hygiene. 

6. Psychogenesis: biological view of mind and its history in the 
animal series; human psychogenesis. 

7. Systematic Psychology: a short review of the definitions and 
laws to be found in some small text-book. 

At the close of Prof. Sanford’s paper the subject was opened to general 
discussion. It was suggested that the course would take a lifetime for 
completion, but this would also be true of any good cause in psychol- 
ogy, which gives only an introduction to the subject. Miss Gamble, 
of Wellesley, brought up the fact that with large classes and limited 
library facilities there were practical difficulties in carrying out such 
a scheme. 

The evening session was devoted to the address of the President of 
the Philosophical Association, Prof. Dewey, whose subject was Beliefs 
and Realities. Prof. Dewey’s address was followed by a Smoker, while 
the ladies of the two associations were entertained at the home of Mrs. 
Royce. 

The first paper of the Friday morning session was read by title, as 
the author, Mrs. Christine Ladd Franklin, was not present. Mrs. 
Franklin’s subject was the Doctrine of Specific Energies. The re- 
maining papers of the session were devoted to various phases of the 
psychology of vision, the first group of three papers, the Color Sense 
of Young Children, by W. S. Monroe; Primitive Color Names and 
Primary Colors, by J. W. Baird; and a Study of After Images on the 
Peripheral Retina, by Kate Gordon, dealing with problems in color 
vision. Prof. Monroe’s paper was a report of tests made on young 
school children. The thesis of the second paper was that, from the 
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evidence derived from philology we can infer color sensitivity in 
primitive peoples. Prof. Gordon reported the results of an experi- 
mental study made with great care and accuracy in the Mt. Holyoke 
psychological laboratory. 

The next paper, Visual Adaptation in Tachistoscopic Experimenta- 
tion, by J. A. Bergstr6m, was read by title. The remaining four papers: 
Photographic Studies of Convergence, by C. H. Judd; The Relation 
of Eye Movements to Judgments of Number, by Robert MacDougall; 
Vision during Dizziness, by E. B. Holt; and Vision and Localization 
during Eye Movements, by R. S. Woodworth, were grouped and in- 
cluded in one general discussion which was carried over to the begin- 
ning of the afternoon session. The main point about which the dis- 
cussion centered was whether visual consciousness exists during rapid 
eye movements. Dr. Holt, from his experiments, inferred complete an- 
zesthesia, but later was inclined to accept Dr. Dodge’s term, inhibition, 
as covering the facts. Prof. Judd and Woodworth contended for vis- 
ual consciousness during eye movements. The last paper of the 
morning session on the Possibility of Retinal Local Signs of the Third 
Dimension, by W. P. Moutague, was read by title, as was also the first 
paper of the afternoon programme,—A Simple Method of Measuring 
Relationships, by E. L. Thorndike. Prof. Kirkpatrick’s paper on the 
Growth of Vocabularies was a preliminary report on proposed means 
of measurement. Dr. Seashore, of Iowa University, then gave a de- 
scription of the Voice Tonoscape, an instrument which he has per- 
fected for the training of the finest voices and of which experimental 
tests appear to demonstrate the value. The next paper was by Fred- 
erick Lyman Wells on Linguistic Lapses, followed by a Comparison 
between the Speed of Imagined and Actual Rhythmic Muscular Move- 
ment, by Charles T. Bennett. This was an individual study and 
brought out the surprising fact that the imagined movement is slower 
than the actual movement, Dr. Hylan then gave a short demonstra- 
tion of a new Kymograph, and the Association adjourned to the new 
ee where au informal conversazione of experimentalists was 
hel 

Additional papers on the programme read by title were as follows: 
An Experimental Study in the Psychology of Voting, Colin A. Scott; 
Sex Differentiation in the Sense of Time, Robert MacDougall; Some 
Psychological Aspects of Success, Brother Chrysostom; Early Ameri- 
can Psychology, I. Woodbridge Riley. HEODATE L,. SMITH. 


ERRATUM.—Vol. XVI, p. 537: the exposure of picture and odor 
lasted fifteen (not five) seconds. 
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